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(54) Optical disk apparatus and method for setting control parameters 

(57) fin optical disk apparatus performing either one 
of recording and reproduction of an optical disk in which 
groove-shaped groove tracks and land tracks present 
between the groove tracks are alternately connected to 
each other in a spiral shape, includes: a recording and 
reproduction unit for recording a signal in at least one 
continuous groove track and at least one continuous 
land track, and then reproducing the signal from the 
groove track and the land trade; a detector for detecting 
a quality of the signal recorded and reproduced by the 
recording and reproduction unit; a control parameter 
setting unit for setting a control parameter related to at 
least one of the recording and the reproduction of the 
optical disk; and a controller for changing the control 
parameter set by the control parameter setting unit 
repeating the recording and reproduction performed by 
the recording and reproduction unit and detection per- 
formed by the detector every time the control parameter 
is changed, and detennining the control pdrameter 
based on the quality of the signal detected by the detec- 
tor. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an optical disk 
apparatus which records information by irradiating a 
laser beam onto an optical disk medium, and a method 
for setting its control parameters. 

2. DESCRIPTION OF THE RELATED ART: 

In recent years, optical apparatuses have been 
extensively developed as means for recording/repro- 
ducing large-capacity data, and there has been an 
approach to achieving a higher recording density. One 
example of them is a phase-change type (^tical disk 
apparatus utilizing reversible state changes between a 
crystal state and an amorphous state. 

In a phase-change type optical disk apparatus, a 
semiconductor laser beam having two powers (a peak 
power which makes a crystal portion amorphous and a 
bias power which crystallises an amorphous portion) is 
irradiated onto an optical disk medium, whereby marks 
(amorphous portions) and spaces (aystal portions) 
interposed between the marks are formed on the optical 
disk medium. 

The marks and spaces have different reflectivity, so 
that a recorded signal is read by utilizing the difference 
in reflectivity during reproduction. 

Herein, a signal is recorded at one recording focus 
position (irradiation spot position of a laser beam), and 
the signal is reproduced at one reproduction focus posi- 
tion (Irradiation s|3ot position of a laser beam). A series 
of steps for determining the quality of a reproduction 
signal by a quality determination circuit will be 
described by using a path on a recorded track of irradi- 
ation spots of a semiconductor laser beam. 

Actually, a track is moved into an irradiation spot by 
the rotation of a disk. However, for simplicity, it is 
assumed that an irradiation spot moves onto a record- 
ing track. 

Figure 65 is a view showing a track structure of a 
conventional optical disk 26. Reference numeral 27 
denotes a groove track formed in the shape of a spiral. 
In this figure, recording from a point 21 to a point 22 is 
performed clockwise at one recording focus position. 
Then, in order to reproduce a signal, for example, an 
irradiation spot jumps from a point 23 to an inner track, 
passing through a point 24, and starts moving on a track 
from a point 25. Then, the irradiation spot moves clock- 
wise on a track from the point 25 to the point 21 , and 
reproduces a signal previously recorded from the point 
21, whereby the quality determination circuit deter- 
mines the quality of a reproduction signal. 

In the case of obtaining an optimum recording focus 
position, a recording focus position is gradually 



changed, and every time the recording focus position is 
changed, the above-mentioned recording and repro- 
duction are repeated. Thus, a recording focus position 
at which a reproduction signal of the highest quality is 

5 obtained is determined.' 

Similarly, in the case of obtaining an optimum 
reproduction focus position, a reproduction focus posi- 
tion is gradually changed, and every time the reproduc- 
tion focus position is changed, the above-mentioned 

10 recording and reproduction are repeated. Thus, a repro- 
duction focus position at which a reproduction signal of 
the highest quality is obtained is determined. 

In the case of setting a tilt angle (i.e., an incident 
angle of a laser beam with respect to an optical disl^. 

IS the tilt angle is gradually changed, and every time the tilt 
angle is changed, the above-mentioned recording and 
reproduction are repeated. Thus, a titt angle at which a 
reproduction signal of the highest quality is obtained is 
determined. 

so An example of a method for obtaining an optimum 
irradiation power of a semiconductor laser beam is 
described in, for example. Japanese Laid-open Publica- 
tion No, 4-141827. According to this method, a signal is 
recorded while a peak power is gradually decreased 

25 from the high power side, for example, under the condi- 
tion tiiat a bias power is fixed. In this case, every time a 
signal is recorded with one peak power, tiie signal is 
reproduced with a reproduction power, and a quality 
determination circuit determines the quality of a repro- 

30 ductfon signal. Then, a lower fimit value d a power 
which the quality determination circuit determines is 
"good" is obtained, and a margin value is added to the 
lower limit value, whereby an optimum power is set 
In the above-mentioned case, recording and repre- 
ss duction of a signal are required to be Treated with 
respect to a track in accordance with the process shown 
in Figure 65 in the same way as in obtaining recording 
and reproduction focus positions, and a tilt angle. 

On the other hand, as recording pits are recorded 

40 with a higher density there arise problems such as a 
decrease in S/N and a waveform Interference between 
the recording pits in reproducing a recorded signal, or 
changes in characteristics of a reproduction channel 
caused by the variation of optical disk media and optical 

45 disk apparatuses. Thus, there has been a demand for 
an apparatus in which an Increase in error rate due to 
this problem is small. 

In order to overcome the problem of the changes in 
characteristics of a reproduction channel, a method for 

so optimizing an equalizer characteristic in each disk has 
been considered. 

For example, parameters of an equalizer character- 
istic are set to be the largest boost amount and a fre- 
quency at which a boost amount becomes maximum. 

55 Under the condition that the frequency at which the 
boost amount becomes maximum is fixed, a recorded 
signal is reproduced while the boost amount is gradually 
increased from the lower side. Thus, the quality of a 
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reproduction signal is detected, and. the boost amount 
at which the best quality reproduction signal is obtained, 
is set as the- optimum boost amount. Then, while the 
boost amount is fixed, a frequency at which the t>oost 
amount becomes ma)dmurn.is. similarly obtained. 

Herein, in the same way as in obtaining recording 
and reproduction focus positions, and a tilt angle, 
recording and reproduction of a signal are required to 
be repeated with respect to a track in accordance with 
the process shown in Rgure 65, whereby an equalizer 
characteristic Is optimized. 

The at)Ove-mentioned conventional optical disk 
apparatus is predicated on optical disks in which a 
groove-shaped track (groove track) is fprnied in the 
shape of a spiral, and a recording area is provided in 
either the groove track or the land track (i.e.. track 
between the grooves), and an optimum focus position, 
an optimum tilt angle, etc. are obtained with respect to 
this type of optical disk. However, optical disks in which 
a signal is recorded in both the land- track arxl the 
groove track are not considered. 

The land track and the groove track have different 
physical properties such as tine shape of a groove and 
reflectivity due to the differer^e in arrangement ard an 
optinrujm locus positiori, an optimum tilt angle, etc. are 
different with respect to each track. Therefore, in the 
case of performing recording and reproduction with 
respect to both the land track ard the groove track, an 
optimum focus position, an optimum tilt angle, etc. are 
required to be set for the land track and tiie groove 
tracK respectively Alternatively, an average of an c^i- 
mum focus position, an average of an optimum tilt 
angle, etc. are required to be set for the. land track arid 
the groove track, respectiyely. However, in both the 
cases, recording and reproduction of a track are 
required to be repeated by the process shown in Figure 
65 for the land track and the groove track, separately 
Therefore, in the case of performing recording and 
reproduction using kxTth the land track and the groove 
track, a longer time and more effort is requred. pom- 
pared with the case of using only one of either the 
groove track or the land track. 

Specifically, a waiting time for rotation (point 23 ^ 
point 24 point 25 -r^ point 21 ) in Rgure 65 is used for 
the land track and the groove track, respectively, which 
decreases an efficiency. 

The similar problem is caused in obtaining and set- 
ting an optimum pow<er. an optimum equalizer charac- 
teristic, as well as an optimurn focus position and an 
optimum tilt angle. Thus, a longer time and rrK>re effort 
are required. 

SUMMARY OF THE INVENTION 

An optical disk apparatus performing either one of 
recording and reproduction of an optical disk In which 
groove-shaped groove tracks and land tracks present 
between the groove tracks are alternately connected to 



each other in a spiral shape, includes: a recording and 
reproduction unit for recording a signal in at least one 
continuous groove track and at least one continuous 
land track, and then reproducing the signal from the 

5 groove track and the land track; a detector for detecting 
a quality of the signal recorded and reproduced by the 
recording and reproduction unit; a control parameter 
setting unit for setting a control paranneter related to at 
least one of the recording and the reprpduotion of the 

10 optical disk; and a controller for changing the control 
parameter set by tiie control par;ameter setting unit, 
repeating tiie recording and reproduction performed by 
the recording and reproduction unit and detection per- 
formed by the detector every time tiie control parameter 

15 is changed, and deterrniriing the control paranneter 
based on the quality of the signal detected by. the detec- 
tor. 

In one embodiment of the preserit invention, the 
controller obtains a control parameter common to the 
20 groove track and the land track. 

in anotiier embodiment of the present invention , the 
controller obtains control parameters for the, groove 
track and the land track, separately. 

In anotiier emtx>diment of the present invention, the 
25 control parameter setting unit sets an average value of 
the control parameter of tiie groove track and the land 
track obtained by the controller. 

In anotiier embodiment of the present invention, the 
control parameter setting unit sets the control parame- 
30 ter of the groove track and the larid track obtained by the 
controller, separately. 

In another embodiment of the present invention, the 
recording and reproduction by tiie recording and repro- 
duction unit, the detection by the detector, and the 
35 determination by the controller are perforrned at two 
positions apart from each other on the optical disk and 
. a control parameter corresponding to each of tiie posi- 
tions is obtained in order to be set; and when at least 
one. of the recording and tiie reproduction is performed 
40 between the respective positions on the optical djsk, a 
conti^'ol parameter in accordance with the position at 
which at least one of the recording and the reproduction 
is performed is obtained in order to be set based on the 
control parameter corresponding, to. each of the posi- 
45 tions. 

In another embodiment of the present invention, the 
control parameter is at least one of a focus position of a 
light beam radiated for at least one of the recording and 
the reproduction of the optical disk, a tilt angle of the 
50 light beam with respect to the optical disk, an intensity of 
the laser beam, and an equalizer characteristic of the 
laser beam. 

In another embodiment of the present invention, the 
controller sets a plurality of kinds of confol parametesrs, 
55 separately and repeats s tting of each of the control 
parameters in accordance with a detection result of the 
detector. 

In another embodiment of tiie present invention, a 
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number of sectors of the groove track to be recorded 
and reproduced by the recording and reproduction unit 
is equal to a number of sectors of the land track to be 
recorded and reproduced by the recording and repro- 
duction unit. 

In another embodiment of the present invention, the 
detector detects at least one of a byte error rate of the 
signal recorded and reproduced by the recording and 
reproduction unit, a jitter of tlie signal, a bit error rate of 
the signal, a resolution of the signal/ a symmetry of the 
signal, and a modulation of the signal. 

A method for setting a control parameter of an opti- 
cal disk apparatus performing at least one 6f recording 
and reproduction of ah optical disk in which glxkive- 
shaped groove tracks and land tracks present between 
the groove tracks are alternately connected to each 
other in a spiral shape, includes: a recording and repro- 
duction step of recording a signal in at least one contin- 
uous groove track and at least one contihuous land 
track, and then reproducing the signal from the groove 
track and the land track; a detection step of detecting a 
quality of the signal recorded and reproduced during the 
recording and reproduction step; a control parameter 
setting step of setting a control parameter related to at 
least one of the recording and the reproduction of the 
optical disk; and a control step of changing the control 
parameter set during the control parameter setting step, 
repeating the recording and reproduction perbrhied 
during the recording and r^rodliction step and the 
detection performed during the detection step every 
time the control parameter is changed, and detemiining 
the control parameter based on the quality of the signal 
detected during the detection step. 

In one embodiment of the present invention, a con- 
trol parameter common to the groove track and the land 
track is obtained during the control istep. 

In another embodiment of the present invention, 
control parameters are obtained for the groove track 
and the land tracK separately, durihig the control step. 

In another enhbbdiment of the present invention, an 
average value of the control parameter of the groove 
track and the land track obtained duririg the control step 
is set during the control parameter setting step. 

In another embodiment of the present invention, the 
control parameter of the groove track and the land track 
obtained during the control step are separately set dur- 
ing the control parameter setting step: 

In anotheiP errtoodiment of the present inverttioh, the 
recording and reproduction during the riecording and 
reproduction step, the detection during the detection 
step, and the detemranation during the cdriitrol step are 
performed at two positions apart from each other on the 
optical disk, and a cointfol parameter corresponding to 
each of the positions is obtained in order to be set; and 
when at least one of the recording and the reproduction 
is performed between the respective pdsitibhs on the . 
optical disk, a control parameter in accordance with the 
position at which at least one of the recording and the 



reproduction is performed is obtained in order to be set 
teased on the control parameter corresponding to each 
of the positions. 

In another embodiment of the present invention, the 

5 control parameter is at least one of a focus position of a 
light beam radiated for at least one of the recording and 
the reproduction of the optical disk, a tilt angle of the 
light beam with respect to the optical disk, an intensity of 
the laser beam, and an equalizer characteristic of the 

10 laser beam. 

In another emtx>diment of the present invention, 
during the control step, a plurality of kinds of control 
parameters are separately set, and setting of each of 
the control parameters is repeated in accordance with a 

IS detection result obtained during the detection step. 

In another embodiment of the present inverrtion. a 
number of sectors of the groove track to be recorded 
and reproduced during the recording and reproduction 
step is equal to a number of sectors of the land track to 

20 be recorded and reproduced' during the recording arKi 
reproduction step. 

In another emt)odiment of the present invention, at 
least one of a byte error rate of the signal recorded and 
reproduced during the recording and reproduction step, 

25 a jitter of the signal, a bit eirror rate of the signal, a reso- 
lution of the signal, a symmetry of the signal, and a 
modulation of the signal is detected during the detection 
step. 

Thus, the invention described herein makes possi- 
30 ble the advantages of (1 ) pwovidlng an optical disk appa- 
ratus capak)le of efficiently ot>taining an optimum focus 
position, an optimum tilt angle, an opitimum power, and 
an optimum equalizer characteristic with respect to an 
optical disk in which a signal is recorded irt both a land 
35 track and a groove track; and (2) providing a method for 
setting control parameters. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed 
40 description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a block diagram showing the first 
45 embodiment of an optical disk ajDparatus according 
to the present invention. 

Rgure 2 is a diagram showing a focus piosition in 
the first enrd^odiment of the present invention. 

50 

Rgure 3 is a diagram showing a track structure of 
an optical disk in the first embodiment of the 
present invention. 

55 Rgure 4A is a graph showing a relationship 
between the recording focus position and the BER. 

Rgure 4B is a graph showing a relationship 
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between the reproduction focus , position and the 
BEa 

Figure 5 is a flow chart showing process steps for 
determining an optimum recording focus posrtion i n s 
the first embodiment of the present invention. 

Figure 6 is a flow chart showing process steps for 
determining an optimum reproduction focus posi- 
tion in the first embodiment of the present invention. io 

Figure 7 is a diagram illustrating a procedure for 
scanning tracks of the optical disk in the first 
emkxxiiment of the present invention. 

IS 

Figure 8 is a diagram illustrating another procedure 
for scanning tracks of the optical disk in the first 
embodiment of tine present invention. 

Rgure 9 is a diagram illustrating another procedure 20 
for scanning tracks of the optical disk in the first 
embodiment of . tine present invention. 

Figure 10 is a block diagram showing the second 
embodiment of an optical disk apparatus according 25 
to tiie present invention. 

Figure 11 is a flow chart showing process steps for 
determining an optimum recording^focus position in 
the second embodiment of the present invention. so 

Figure 12 is a flow chart showing process steps for 
determining an optimum reproduction focus posi- 
tion in ttie second errdxxlirnent of the present 
invention. 3S 

Figure 13 is a block diagram showing the tiiird 
embodiment of ari optical disk apparatus according 
to the present invention. 

40 

Figure 14A is a graph showing a relationship 
between the recording focus position and the jitter. 

Figure 14B is a graph showing a relationship 
between the reproduction focus position and the jit- 45 
ter. 

Rgure ISA is a graph showing a relationship 
between the recording focus position and the reso- 
lution, so 

Figure 15B is a ^graph showing a relationship 
between tiie reproduction focus position and the 
resolution. 

55 

Figure 16 is a diagram illustrating a resolution. 
Figure 17A is a graph showing a relationship 



between the recording focus position and the mod- 
ulation. 

Figure 17B is a graph showing a relationship 
between the reproduction focus position and the 
modulation. 

Rgure 18 is a diagram illustrating a modulation. 

Rgure 19A is a graph showing a relationship 
between the recording focus position and the sym- 
metry. 

Rgure 198 is a graph showing a relationship 
between the reproduction focus position and the 
symmetry. 

Rgure .20 is a diagram illustrating a symmetry. 

Rgure 21 A is a graph showing a relationship 
between tiie recording focus position and the CN. 

Rgure 218 is a graph showing a relationship 
tDetween the reproduction focus position and the 
CN. 

Rgure 22A shows a plan view and a cross-sec- 
tional view of an optical.disk. 

Rgure 228 is a graph showing a relationship 
between the position in a radius direction of the 
optica) disk and the focus position. 

Rgure 22C is a graph showing a relationship 
between the position in a . radius drection of the., 
optical disk and the tilt angle. 

Rgure 22D is a graph showing a relationship 
between the position in a radius direction of the 
optical disk and the povyer. 

Rgure 22E is a graph showing a relationship 
between the position in a radius direction of the 
optical disk and the boost amount. 

Rgure 23 is a block diagram showing the fourth 
emtxxiiment of an optical disk apparatus according 
to the present invention. 

Rgure 24A is a diagram showing a radial tilt angle 
in the fourth emtxxiiment of the present invention. 

Rgure 248 is a diagram showing a tangential tilt 
angle in the fourth embodiment of the present 

invention. 

Rgure 25 is a flow chart showing process steps for 
determining ah optimum radial tilt angle in the 
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fourth embodiment of the present invention. 

Rgure 26A is a graph showing a relationship 
between the radial tilt angle and the BER. 

5 

Rgure 26B Is a graph showing a relationship 
between the tangential tilt angle and the BER. 

Rgure 27 is a flow chart showing process steps for 
determining an optimum tangential tilt angle in thie io 
fourth emtxKliment of the present invention. 

Rgure 28 is a block diagram showing the fifth 
embodiment of an optical disk apparatus according 
to the present invention. is 

Rgure 29 is a flow chart showing process steps for 
determining an optimum radial tilt angle in the fifth 
emkx)diment of the present invention. 

20 

Rgure 30 is a flow chart showing process steps for 
determining an optimum tangential tilt angle in the 
fifth embodiment of the present inventk)n. 

Rgure 31 A is a graph showing a relationship 2S 
between the radial tilt angle and the jitter. 

Rgure 31 B is a graph showing a relationship 
between the tangential tilt angle and the jitter. 

30 

Rgure 32A is a graph showing a relationship 
between the radial tilt angle and the resolution. 

Rgure 32B is a graph showing a relationship 
between the tangential tilt angle and the resolution. 3s 

Rgure 33A is a graph showing a relationship 
between the radial tilt angle and the modulation. 

Rgure 33B is a graph showing a relationship 4o 
between the tangential tilt angle and tiie modula- 
tion. 

Rgure 34A is a graph showing a relationship 
between the radial tilt angle and the symmetry. 45 

Figure 34B is a graph showing a relationship 
between the tangential tilt angle and the symmetry. 

Rgure 35 is a diagram illustrating a symmetry. so 

Rgure 36A is a graph showing a relationship 
between the radial tilt angle and the CN. 

Rgure 36B is a graph showing a relationship ss 
between tiie tangential tilt angle and tiie CN. 

Rgure 37 is a block diagram showing the sixth 



embodiment of an optical disk apparatus according 
to the present invention. 

Rgure 38 Is a diagram showing the power of a laser 
beam in tiie sixth enribodiment of the present inven- 
tion. 

Rgure 39 is a flow chart showing process steps for 
determining an optimum peak power in the sixtii 
embodiment of the present invention. 

Rgure 40A is a graph showing a relationship 
between the peak power and the BER. 

Rgure 40B is a graph showing a relationship 
between the bias power and the BER. 

Rgure 41 is a f tow chart showing process steps for 
determining an optimum bias power in the sixtfi 
emlDodiment of tiie present invention. 

Rgure 42A is a graph showing a relationship 
between the peak power and the jitter. 

Rgure 42B is a graph showing the bias power and 
the jitter. 

Rgure 43A is a graph showing a relationship 
between tiie peak power and the resolution. 

Rgure 43B is a graph showing a relationship 
between the bias power and the resolution. 

Rgure 44A is a graph showing a relationship 
between the peak power and the modulation. 

Rgure 44B is a graph showing a relationship 
between the bias power and the modulation. 

Rgure 45A is a graph showing a relationship 
between the peak power and the symmetry. 

Rgure 45B is a graph showing a relationship 
between the bias power and the symmetry. 

Rgure 46 is a diagram illustrating a symmetry. 

Rgure 47 Is a block diagram showing the seventh 
embodiment of an optical disk apparatus according 
to the present invention. 

Rgure 48 is a flow chart showing process steps for 
determining an optimum peak power in the sevehtii 
embodiment according to tiie present invention. 

Rgure 49 is a flow chart showing prbc^ steps for 
determining an optimum bias power in the seventii 
embodiment according to the present invention. 
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Figure 50 is a block diagram showing the eighth 
embodiment of an optical disk apparatus according 
to the present invention. 

Figure 51 is a block diagram showing the ninth s 
embodiment of an optical disk apparatus according 
to the present invention. 

Figure 52A is a graph showing a relationship 
between the frequency and the level of a reproduc- io 
tion signal in the ninth embodiment of the present 
invention. 

Figure 526 is a graph showing a relationship 
between the frequency and the boost amount of a is 
reproduction signal in the ninth embodiment of the 
present Invention. 

Figure 53 is a flow chart showing process steps for 
determining an optimum equalizer characteristic in 20 
the ninth embodiment of the present invention. 

Rgure 54A is a graph showing a relationship 
between the boost amount and the BER. 

25 

Figure 54B is a graph showing a relationship 
between the frequency at which the boost amount 
becomes maximum and the BER. 

Figure 55A is a graph . showjng a relationship 30 
between tiie boost amount and the jitter. 

Figure 55B is a graph showing a relationship 
between the frequency at which the boost amount 
becomes maximum and the jitter. 35 

Rgure 56A is a graph showing a relationship 
between the boost amount and the resolution. 

Figure 568 is a graph showing a relationship 40 
between the f regency at which the boost amount 
becomes maximum and the resolution. 

Figure 57A, is a graph showing a. relationship 
between the boost amount and the modulatiqn. 4S 

Figure 57B is a graph showing a . relationship 
between the frequency at which the boost amount 
becomes maM'rnum and the modulation. 

50 

Figure 58A is a graph showing a relationship 
between the boost amount and the symmetry. 

Figure 58B is a graph showing a relationship 
between the frequency at which the boost amount ss 
becomes maximum and the frequency. 

Rgure 59 is a block diagram showing tiie tenth 



enrdDodiment of an optical disk apparatus according 
to the present inv^tion. 

Rgure 60 is a flow chart showing process steps for 
determining an optimum equalizer characteristic in 
tiie tenth embodiment of the present invention. 

Rgure 61 is a block diagram showing the eleventii 
embodiment of an optical disk apparatus according 
to the present invention. 

Rgure 62 is a flow chart showing process steps for 
determining an optinnum equalizer characteristic In 
the eleventh embodiment of the present invention 

Rgure 63 is a graph showing an equalizer charac- 
teristic of a frequency and a gain. 

Rgure 64 is a f tow chart showing process steps in 
tiie twelftii embodiment of an optical disk apparatus 
according to the present invention. 

Rgure 65 is a diagram . showing a track structure of 
a conventional optical disk. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, the present invention will be desaibed 
by way of illustrative embodiments with reference to the 
drawings. 

Embodiment 1 

In the first embodiment, a recording focus position 
and a reproduction focus position common to a land 
track and a groove track of an optical disk are obtained 
in order to be set 

Rgure 1 shows.a structure of a phase-change type 
optical disk apparatus in the first embodiment of the 
present invention. In Figure 1, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 4 denotes a reproduc- 
tion signal quality detector, 5 denotes an optimum locus 
position determination unit., 6 denotes a land -groove 
continuous recording/repro<^ctipn unit, 7 denotes a 
focus position controller, 8 denotes a track position con- 
troller, and 9 denotes a focus position setting unit. , 

Rgure 2 is a diagram showing a focus position of a 
laser beam emitted by the optical head 2 (i.e., a laser 
condensed position on a recording/reproduction surface 
of the optical disk 1). In Figure 2, the optical head 2 
includes a semiconductor laser 2-1 and an objective 
lens 2-2. and a laser beam emitted by the serntconduc- 
tor laser 2-1 is conder^sed on the recording/reproduc- 
tion surface of the optical disk 1 through the objective 
lens 2-2 to become a light spot. The position of the. light 
spot (z-direction) with respect to the recording/repro- 



7 



OCJ D: < EP 0883 1 1 3A2 J_> 



13 



EP0 883113 A2 



14 



duction surface of the optical disk 1 is the focus position. 
The focus position is changed by moving the optical 
head 2. 

The optical head 2 is moved by an actuator (not 
shown). The focus position controller 7 controls the 
actuator of the optical head 2. thereby changing the 
focus position. 

Figure 3 is a diagram showing a track structure of 
the optical disk 1 in the present embodiment. The opti- 
cal disk 1 records a signal in both groove-shaped tracks 
(groove tracks) 39 and tracks 310 between the grooves 
(land tracks). The groove tracks 39 and the land tracks 
310 are continued alternatively every one track. The 
groove tracks 39 and the land tracks 31 0 are connected 
to each other in the shape of a spiral. 

Rgure 5 is a flow chart showing process steps of an 
optical disk apparatus in the present embodiment 
Hereinafter, a procedure for obtaining a recording focus 
position will be described with reference to this fk>w 
chart. 

In a phase^hange type optical disk apparatus, 
focus positions to be determined include at least a 
recording focus position and a reproduction focus posi- 
tion. First, a method for determining the recording focus 
position will be described, and a method for determining 
a reproduction focus position will be descnbed later. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optica! head 2 is moved to an area for setting an 
optimum recording focus position and an optimum 
reproduction focus position by the track position control- 
ler 8 (Step 101). 

Initial values of the recording focus position and the 
reproduction focus position are set by the focus position 
setting unit 9 (Step 102). At this time, a recording focus 
position for recording the land track is identical witii a 
recording focus position for recording the groove track. 

Subsequently, a control signal for contimjously 
recording one land track and one groove track from a 
predetermined position Is transmitted from tfie land* 
groove continuous recording/reproduction unit 6 to the 
focus position controller 7 and the track position control- 
ler 8. whereby recording is performed by the optical 
head 2; At this time, output light from the semiconductor 
laser 2-1 of the optical head 2 is condensed at a record- 
ing focus position as a light spot on the optical disk 1, 
whereby a recording mark is formed in accordance with 
a waveform of en*ed light (Step 1 03). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser 2-1 of the optical head 2 is condensed 
at a reproduction focus position (identical with the 
recording focus position). A signal for continuously 
reproducing one land track and one groove track previ- 
ously recorded is transmitted from the land -groove 
continuous recbi-dihg/n^rbduction unit 6 to the track 
position controller 8, and a signal 10 which is varied 



d^endlng upon the presence of the recording mark on 
tiie optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 10 is subjected to reproduction sig- 

5 nal processing such as amplification, waveform equali* 
zation. and digitization at the reproduction system 3. 
and a signal 1 1 is input to the reproduction signal quality 
detector 4 (Step 103). 

The reproduction signal quality detector 4 detects a 

10 signal quality of the signal 1 1 , and a detection result of 
the reproduction signal quality is input to the optimum 
focus position determination unit 5. When tiie length of 
the reproduced land track is equal to or almost equal to 
that of the reproduced groove tracK a reproduction sig- 

15 nal quality detection result is an average reproduction 
signal quality result of the land track and the groove 
track. In other words, the reproduction signal quality 
detection result is an average reproduction signal qual- 
ity result of the optical disk 1 when recording is per- 

20 formed at the recording focus position (Step 1 04). 

The reproduction signal quality detector 4 detects, 
for example, a BER (byte error rate) at whiich the 
recorded signal has been reproduced. Figure 4A shows 
a relationship between the recording focus position and 

25 tiie BER. 

In Rgure 4A. the abscissa represents the recording 
focus position, and the ordinate represents tiie BER. In 
general, under the same reproduction conditions, more 
accurate recording and reproduction are performed witfi 

30 a smaller BER. It is assumed tiiat a detection result in 
which the BER becomes a threshold value or less is 
OK. and a detection result in which the BER exceeds 
the threshold value is NG. 

When the first result of the reproduction signal qual- 

35 ity detector 4 is NG. for example. (Step 1 04 no, Step 1 05 
no), the optimum focus position determination unit 5 
sets a recording focus position higher than the initial 
recording focus position (Step 106), When the first 
result o1 the reproduction signal quality detector 4 is OK, 

40 for example. (Step 104 yes, Step 107 no)^ the optimum 
focus position determination unit 5 sets , a recording 
focus position lower than the initial recording focus posi- 
tion (Step 108). Continuous recording and continuous 
reproduction of tiie land track and the groove track at 

45 the set recording focus position are performed in the 
sarhe manner as described above (Step 103). 

When the first result of the reproduction signal qual- 
ity detector 4 is NG. and the second result thereof is OK 
(Step 104 yes. Step 107 yes), the optimum focus post- 
so tion determination unit 5 stores an average position of 
thd current recording focus position and the previous 
recording focus position as a lower limit value of the 
recording focus position (Step 109). 

When tiie first result of the reproduction signal qual- 

55 ity detector 4 is OK. and the second result thereof is NG 
(Step 1 04 no, Step 1 05 yes), the optimum focus position 
determination unit 5 stores an average position of the 
current recording focus position and the previous 
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recording focus position as a lower limit value of the 
recording focus position (Step 109). 

When thefirst result of the reproduction signal qual- 
ity detector 4 is OK, and the second result thereof is OK, 
the optimum focus position determination unit 5 sets a s 
recording focus position lovyer than the recording focus 
position recorded and reproduced at the second time, 
and continuous recording and continuous reproduction 
of the land track and the groove track are performed at 
the set recording focus position, whereby a reproduction io 
signal quality is detected. When the third result of the 
reproduction signal quality, detector 4 is NG. the opti- 
mum focus position determination unit 5,stores an aver- 
age position of the current recording focus position and 
the previous recording focus position as a lower limit is 
value of the recording focus position. 

An upper limit value is obtained in a sirniiar. proce- 
dure to that of the lower limit v€due in accordance with 
each of Steps 110 to 117. More specifically, every time 
the result of the reproduction signal quality detector 4 is 20 
OK, the recording focus position is gradually raised. 
When the result of the rjeproduction signal quality detecr 
tor 4 becomes NG^the optimum focus position determi- 
nation unit 5 stores an average position of the current 
recording focus position and the previous recording 25 
focus position as an upper limit value of the recording 
focus position. l< .. 

The optimum focus position determination uriit 5 
determines an average vajue of the lower lirnit value and 
the upper limit j/alue. for example, as the optimum 30 
recording focus position (Step 118). The > optimum 
recording focus position is set by the fbpus position set- 
ting unit 9, when data is recorded onto the optical! disk. 

Now. referring to Rgure 3, a series of steps for per- 
forming continuous recording of the land track and the 
groove track, performing continuous reproductipri of the 
land track anditiie groove track at aTeproductipn focus 
position, and outputting a resutt-by the reproduction sig- 
nal quality detector 4 willLbe described by using a path 
on a recording track of .an irradiation spot of the semi- . 
conductor laser 

Actually, a track is . moved on an lrradiation spot by 
the rotation of a disk However, for sirnplicity, it is 
assumed thatan irradiation , spot .mcjvespri a recordin 
track. 

As shown in Figure 3, recording of a land track is 
performed clockwise from a point 31 to a point 32 at a 
set recording focus positioni Cpntin^^ recording of 
a groove track is performed clockwise from a point 32 to 
a point 33 at the same recording focus position. 

Next, in order to reproduce a signal, the' irradiation 
spot jumps, for example, frorn a. point 34 to an iriner 
tracK passing through points 35 and 36, and starts 
moving on a track from a point 37. The irradiation spot 
moves on the groove track clockwise from the point 37 
to the point 31 , and reproduces the land track from the 
point 31 to tiie point 32 and reproduces the groove track 
from the point 32 to the point 33. thereby detedting an 



average reproduction signal quality of tiie land track and 
the groove track. 

In order to obtain an optimum recording focus posi- 
tion, the recording focus position is gradually changed, 
and every time the recording focus position is changed, 
tiie above-mentioned recording and reproduction are 
repeated, whereby a recording focus position at which a 
reproduction signal of ttie highest quality is obtained. 

As described above, in order to obtain an optimum 
recording focus position, the land track and the groove 
track are recorded and reproduced by an equal or 
aimqst equal length, whereby an average characteristic 
of tiie land track and tiie groove track is obtained wrtti 
respect to a recording focus posrtion, and a recording 
focus position suitable for the land track and the groove 
track is determined. 

Furthermore, in the present embodiment,. recording 
and reproduction of the land, track and the groove track 
are continuously performed. Therefore, rt takes less 
time, compared with the case where optimum recording 
fbcu^ positions are obta^ined for tiie land track and the 
groove track, separately, and the obtained optimum 
recording fbcus< positions are, averaged. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain 
an optimum recording focus position, in the case where 
the land track and the grpoyef tirack are continuously 
recorded and reproduced as in the present ernbodi- 
menti a time corresponding to 5 rotations in total is 
required (i.e., 2 rotations for recording (point 31 to point 
33), one rotation for waiting for reproduption (point 34 -> 
point 35 -> point 36 rr^ ppint 37)., and 2 rotations for 
reproduction (point 31 to point 33)). 

On the other hand, in a conventional apparatus, 
optimum recording focus positions, are obtained for a 
land track and a groove track separately, so that a time 
corresponding, to 3 rotations in total is required, for the 
/land track (i.e., one rotation for recording (point 21 to 
point 22). one rotation for waiting for reproduction (point 

23 point 24 -» point 25) and one rotation for repro- . 
ductipn (point 21 to point 22)). Furthermore, ttie same 
amount of time is required for the groove track. Thus, .a 
time correspording ib 6 rotations in tDtaJ is required. 

Assuming that the land track and the groove track 
are recorded at 4 kinds pf recording focus positions so 
as to obtain an optimum recording focus position, a time 
corresponding to 20 (5 x 4) rotations is required in the 
presient enribodirnent, whereas a tirne corresponding to 

24 (6 X 4) rotations is required in the conventional appa- 
ratus. Thus, a vyaiting tirne for rotation is shortened in 
the present enTbpdirnent, 

As described above, in the optical disk apparatus of 
the present embodiment, a land track and a groc^e 
frack are continuously recorded ard reproduced prior to 
recording of data so as to determine an optimum 
recording focus position, whereby optimum record- 
ing focus position can be deterrnined in a short period pf 
time, shortening a waiting time for rotation. 
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Next, a procedure for obtaining a reproduction 
focus position wiii be described with reference to a flow 
chart of Figure 6. 

In the present embodiment, in order to obtain an 
optimum value of a reproduction focus position, a lower s 
limit value and an upper limit value of the reproduction 
focus position are obtained, and thereafter, an optimum 
value between the lower limit' value and the upper limit 
value is obtained by computation. 

First the optical head 2 is moved to an area for set- io 
ting an optimum recording focus position and an opti- 
mum reproduction focus position (Step 201). Then, the 
focus position determination unit 9 sets initial values of 
a recording focus position and a reproduction focus 
position for obtaining, for example, a lower limit value of is 
the reproduction focus position (Step 202). At tiiis time, 
a reproduction focus position for reproducing a land 
track Is identical with- a reproduction focus position for 
reproducing a groove track. 

Here, it is assumed that the recording focus posi- 20 
tion is fixed so as to examine effects of the reproduction 
focus position under the same recording conditions. 

Subsequentiy, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position Is transmitted from tiie land* 2S 
groove continuous recording/reproduction unit 6 to the 
focus position controller 7 and the track position confrol- 
ler 8. whereby recording is performed by the optical 
head 2, At this time, output light from the semiconductor 
laser 2-1 of the optical head 2 is condensed at a record* 30 
ing focus position as a light spot oh the optical disk 1 . 
whereby a recording mark is formed in accordance with 
a waveform of emitted light (Step 203). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
icorxJuctor laser 2-1 of the optical head 2 is cbndehsed 
at a reproduction focus position. A signal for continu- 
ously reproducing one land track and one groove track 
previously recorded is transmitted . from the land * 
groove continuous recording/reproduction unit 6 to the 40 
track position controller 8, and a signal 10 which is- var- 
ied depending upon the presence of the recording mark 
on the optical disk 1 is input from the optical head 2 to 
the reproduction system 3 as a reproduction signal. The 
reproduction signal 10 is subjected to reproduction sig- 45 
nal processing such as amplification, waveform equali- 
zation, and digitization a:t the reproduction system 3, 
and a signal 1 1 is input to the reproduction signal quality 
detector 4 (Step 203). 

The land • groove reproduction signal quality detec- so 
tor 4 detecte. for example, a BER at which the recorded 
signal has been reproduced. Rgure 4B shows a rela- 
tionship between the reproduction focus position and 
the BER. 

In Figure 48. the abscissa represents thie reproduc- ss 
tion focus position, and the ordinate represents the 
BER. In general, under the same reproduction condi- 
tions, more accurate recoi'dihg and reproduction are 



performed whh a smaller BER. It is assumed that a 
detection result in which the BER becomes a threshold 
value or less is OK, and a detection result in which the 
BER exceeds the threshold value is NG. 

The reproduction signal quality detector 4 detects a 
signal quality of the signal 11, and a detection result of 
the reproduction signal quality is input to the optimum 
focus position determination unit 5. When tiie lengtii of 
the reproduced land track is equal to or almost equal to 
that of the reproduced groove track, a reproduction sig- 
nal quality detection result is an average reproduction 
signal quality result of tiie land track and the groove 
track In other words, the reproduction signal quality 
detection result is an average reproduction signal qual- 
ity result of the optical disk 1 when reproduction is per- 
formed at the reproducing focus position (Step 204). 

When the first result of the reproduction signal qual- 
ity detector 4 is NG. for example, (Step 204 no, Step 205 
no), the optimum focus position determination unit 5 
sets a reproduction focus positton higher than the initial 
reproduction focus position (Step 206). When tiie first 
result of the reproduction signal quality detector 4 is OK, 
for example, (Step 204 yes. Step 207 no), the optimum 
focus position determination unit 5 sets a reproduction 
focijs position lower than the Initial reproduction focus 
positron (Step 208). Continuous recording and continu- 
ous reiproduction of the land track and the groove track 
at the set reproduction' focus position are performed in 
the same manner as described above (Step 203). 

When tiie first result of the reproduction signal qual- 
ity detector 4 Is NGi and the second result thereof is OK 
(Step 204 yes. Step 207 yes), tiie optimum ibcus posi- 
tion determination unit 5 stores an average position of 
the current reproduction focus position and the previous 
reproduction focus position as a lower limit value of the 
reproduction focus position (Step 209). 

When the first result of the reproduction signal qual- 
ity detector 4 is OK. and the second result thereof is NG 
(Step 204 no, Step 205yes)rthe optimum focus position 
determination unit 5 stores an average position of the 
currelht reproduction focus position and tiie previous 
reproduction focus position as a lower limit value of the 
reproduction focus position (Step 209). 

When thefirst result of the reproduction signal qual- 
ity detector 4 is OK, and tiie second result tfiereof is OK, 
the optimum focus position distermination unit 5 sets a 
reproduction focus position lower than the reproduction 
focus position recorded and repr^uced at the second 
time, and continuous recording and continuous repro- 
duction of the land track and tiie groove track are per- 
formed at the set reproduction focus position, whereby a 
reproduction signal quality is detected. When the third 
result of the reproduction signal quality detector 4 is NG. 
the optimum focus position determination unit 5 stores 
an average position of the current reproduction focus 
position and the previous reproduction focus position as 
. a lower limit vialue of tiie reproduction focus position. 

An upper limit value is obtained in a similar proce- 
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dure to that of the lower limit value in accordance with 
each of Steps 210 to 217. More specifically, every time 
the result of the reproduction signal quality detector 4 is 
OK, the reproduction focus position is gradually raised. 
When the result of the reproduction signal quality detec- s 
tor 4 becomes NG, the optimum focus position determi- 
nation unit 5 stores an average position of the cun^ent 
reproduction focus position and the previous reproduc- 
tlon focus position as an upper llnnit value of the repro- 
duction focus position. 

The optimum focus position determination unit 5 
determines an average value of the lower limit value and 
the upper limit value, for example, as the optimum 
reproduction focus position (Step 218). The optimum 
reproduction focus position is set by the focus position 
setting unit 9, when data is reproduced from the optical 
diskl. 

When the lower limit value and the upper limit value 
are obtained, the initial value of the reproduction focus 
position for obtaining the upper limit value is prescribed 
to be higher than that of the reproduction focus position 
for obtaining the lower limit value. More specifically, by 
starting from the values close to the respective limit val- 
ues, with the initial value of the reproduction focus posi- 
tion for obtaining the lower limit value being diffa'ent 
from the initial value of the reproduction focus position 
for obtaining the upper limit value, a rieproduction focus 
position is optimized in a Sfhort period of time. 

In the present embodiment, an average value of the 
lower limit value and the upper limit value is determined 
as an optimum r^roduction focus p)osition. However, in 
the case where an effective reproduction focus position 
is likely to become much lower than the set reproduction 
focus position, for example, due to the warpage and/or 
reflectivity of a disk, a value which divides the lower limit 
value and the upper limit value, for ©cample, in a ratio of 
2:1 may be deterrnined as the optimum reproduction 
focus position. By determining the value which divides 
the lower limit value and the upper limit value in a ratio 
of 2: 1 as the optimum reproduction focus position, a tol- 
erance for the lower reproduction focus position side 
becomes large. 

The reproduction signal quality detector 4 may be 
designed in such a manner that it detects a BER at 
which a recorded signal has been reproduce, and 
does not count errors generated continuously at a pre- 
determined time or times. Thus, even when an area with 
a recording defect such as a scratch is locally present, 
the effect thereof can be eliminated, and an optimum 
reproduction focus position can be determined more 
accurately 

Furthermore, the reproduction signal quality detec- 
tor 4 is designed to detect a BER at which a recorded 
signal has been reproduced. However, the reproduction 
signal quality detector 4 may detect a bit error rate, for 
example, as long as a reproduction signai.quality can be 
detected. 

Furthermore, in the present embodiment, one land 



track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 
disk apparatus which performs recording, for example, 
on a block basis, it may be possible that one block of a 
land track from a point 141 to a point 142 and one block 
of a groove track from a point 142 to a point 143 are 
continuously recorded, and the land track from the point 

141 to the point 142 and the groove track from the point 

142 to the point 143 are continuously reproduced, as 
shown In Figure 7. 

Similarly, in an optical disk apparatus which per- 
forms recording on a block basis, it may be possible that 
one block of a land track from a point 147 to a point 148 
and one tMock of a groove track from a point 149 to a 
point 14100 are continuously recorded, and the land 
track from the point 147 to the point 148 and the groove 
track from the point 149 to the point 14100 are continu- 
ously reproduced, as shown in Figure 7. Thus, as long 
as a land track and a groove track are recorded contin- 
uously before reproduction for detecting a reproduction 
signal quality, recording may be started at any point. 

In particular, assuming that one half of one block is 
a land track, and the other half of one block is a groove 
track (in Figure 8. when one block contains 16 sectors, 
a zone from a point 151 to a point 1 52 corresponds to 8 
sectors of the land tracK and a zone from the point 152 
to the point 153 corresponds to 8 sectors of the groove 
track), as shown in Rgure 8. in the case of performing 
recording on a block basis, one block corresponds to 
one track or less, and two blocks con^espond to one 
track or more, in this case, a waiting time for rotation can 
be shortened, compared with the case where one land 
track and one groove track are continuously recorded 
and reproduced. Furthermore, deterioration due to 
repeated recording can be delayed by a decrease in the 
area which is continuously recorded at any one time. 

Similarly, in the present embodiment, one land track 
and one groove track are cpntinupusly recorded and 
reproduced. However, in the case where an optical disk 
apparatus performs recording on a sector basis, it may 
be possible that a sector of a land track from a point 161 
to a point 1 62 and a sector of a groove track from a point 
162 to a point 163 are continuously recorded, and a 
sector of a land track from the point 161 to the point 162 
and a sector of the groove track from the point 162 to 
the point 163 are continuously reproduced, as shown in 
Figure 9. 

Similarly, in the case where recording is performed 
on a sector basis, it may be possible that a sector of a 
land track from a point 1 67 to the point 1 61 and a sector 
of a groove track from the point 163 to a point 168 are 
continuously recorded, and a sector of a land track from 
the point 167 to the point 161 and a sector of a groove 
track from tiie point 163 to the point 168 are continu- 
ously reproduced. Thus, as long as a land track and a 
groove track are rec?or!dec! continuously before repro- 
duction for detecting a reproduction signal quality, 
recording may be started at any point. 
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If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a wait- 
ing time for rotation can be shortened, compared with 
the case where one groove track and one land track are 5 
continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed 
by a decrease In area which is continuously recorded at 
any one time. 

Furthermore, in the present embodiment, one land 10 
track and one groove track are corrtinuousty recorded 
and reproduced. However, two or more land tracks and 
two or more groove tracks may be continuously 
recorded and reproduced. By continuously recording 
and reproducing two or more tracks of both the tracks, is 
the variation of the. tracks is absorbed, and optimum 
recording and reproduction focus positions can be 
determined more accurately 

Similarly, even in the case where recording is per- 
formed on a block basis, two or more blocks of a land 20 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both 
the tracks, the variation of the blocks is absorbed, and 
optimum recording and reproduction focus positions 25 
can be determined more accurately. 

Furtiiermore, if the worst value of a block detected 
by the reproduction signal quality detector 4 is not 
adopted when two or more blocks are corrtinuously 
recorded and reproduced, even when a blod< with a 30 
recording defect such as a scratch is present the bkx:k 
can be eliminated. Thus, optimum recording and repro- 
duction focus positions can be determined more accu- 
rately 

Similarly, even in the case where recording is per- 35 
formed on a sector basis, two or more sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 40 
optimum recording and reproduction focus positions 
can be determined more accurately. 

Furthermore, if the worst value of a sector detected 
by the reproduction signal quality detector 4 is not 
adopted when two or more sectors are continuously 45 
recorded and reproduced, even when a sector with a 
recording defect such as a scratch is present, the sector 
can be eliminated. Thus, cptimum recording and repro- 
duction focus positions can be determined more accu- 
rately 50 

Embodiment 2 

In tiie second embodiment, tiie steps of obtaining a 
recording focus position and a reproduction focus posi- 
tion are different from those in tiie first embodiment. 

Rgure 10 shows a structure of a phase-change 
type optical disk apparatus in the second embodiment 



of the present invention. In Figure 10, reference 
numeral 1 denotes an optical disk. 2 denotes an optical 
head. 3 denotes a reproduction system. 174 denotes a 
land •groove reproduction signal quality detector, 175 
denotes a land •groove optimum focus position deter- 
mination unit, 176 denotes a land -groove continuous 
recording/reproduction unit 177 denotes a focus posi- 
tion controller. 178 denotes a track position controller, 
and 179 denotes a focus position setting unit. 

The optical disk 1 is as described with reference io 
Figure 3. 

Rgure 11 is a flow chart showing process steps of 
an optical disk apparatus in the present enfoodiment. 
Hereinafter, a procedure for ot>taining a recording focus 
position will be described with reference to this flow 
chart. 

In a phase-change type optical disk apparatus, 
focus positions to be determined include at least a 
recording focus position and a reproduction focus posi- 
tion. First, a method for determining the recording focus 
position will be described, and a method for determining 
a reproduction focus position will be described later. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermine operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum recording focus position and an optimum 
reproduction focus position by the track position control- 
ler 178 (Step 301). 

Initial values of the recording focus position and the 
reproduction focus position for obtaining a lower limit 
value of a reproduction focus position are set by the 
focus position setting unit 179 (Step 302). At this time, a 
recording focus position for recording the land track is 
identical with a recording focus position for recording 
the groove track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recording/reproduction unit 176 to 
the focus position controller 177 and the track position 
controller 178, whereby recording is performed by the 
optical head 2. At this time, output light of the optical 
head 2 is condensed as a light spot on the optical disk 
1, whereby a recording mark is formed in accordance 
wHh a waveform of emitted light (Step 303). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is condensed at a 
reproduction focus posKlon. A signal for continuously 
reproducing one land track and one groove track previ- 
ously recorded is transmitted from the land -groove 
continuous recording/reproduction unit 176 to the track 
position controller 178. and a signal 1710 which is var- 
ied depending upon the presence of the recording mark 
on tiie optical disk 1 is input from the optical head 2 to 
the reproduction system 3 as a reproduction signal. The 
reproduction signal 1710 is subjected to a reproduction 
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signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 171 1 is jnput to the land • gropve repro- 
duction signal quality detector 174 (Step 303). 

The land * groove reproduction signal quality detec- s 
tor 174 detects a signal quality of the signal 1711 for a 
land track and a groove track, separately, and a detec- 
tion result of the reproduction signal quality is input to 
the land * groove optimum focus position determination 
unit 175 (Step 304). 

The reproduction signal quality detector 174 
detects, for example, a BER at which the recorded sig- 
nal has t>een reproduced. 

For example, when BERs are not NQ for both the 
land track and the groove track, as a detection result of 
the reproduction signal quality detector 174 (Step 305 
no), the land * gropve optimum focus position determi- 
nation unit 175 sets a recording focus position at which 
BERs become OK for both the land track and the groove 
track as an initial recording focus position (Step 306). 
White the recording focus position is gradually lowered, 
continuous recording and corrtinupus reproduction of 
the land track and the groove track are performed at 
each time, and results of the land • groove reproduction 
signal quality detector 174 at the respective recording 
focus positions are stored. When BERs become NG for 
both the land track and the groove track (Step 305 yes), 
an average recording focus position of a minimum 
recording focus position at which the BER is OK and a 
maximum recording focus posttiori at which the BER is 
NG is obtained for the land track arid the groove t'ack, 
respectively, and each, average recorciing focus position 
is stored as a lower limit value of the recording focus 
position (Step 307). 

An upper limjt value is obtained in a similar proce- 
dure to that of the lower limit value in accordance with 
each of Steps 306 to. 313. More specifically, tiie land r 
groove optimum focus position determination unit 175 
sets a recording focus position at which BERs become 
OK for both the land track and the groove track as an ini- 
tial recording focus position (Step 308). While the 
recording focus position is gradually raised, contiriupus 
recording and cqrrtinuous reproduction of the land track 
and the groove track are perforrned at each time. When 
BERs become NG for both the land t'ack and the groove 
track as a result of the land • groove reproduction signal 
quality detector 174 (Step 31 1 yes), an average record- 
ing focus position of a maximurn recording focus posi- 
tion at which tiie BER is OK and a minimum recording 
focus position at which the BER is NG is obtained for the 
land t'ack and the groove track, respectively, and each 
average recording focus position is stored as an upper 
limit value of the recording focus position (Step 31 3). 

The land • groove optimum fopus position determi- 
nation unit 175 deterniines, <fpr example, an average 
value of the lower limit value and the upper .limit value as 
an optimum recording focus position (Step 314). 

When the lower limit value and the upper limit value 



are obtained, the initial value of tiie recording focus 
position for obtaining the upper limit value is prescribed 
to be higher than that of \he recording focus position for 
obtaining tiie lower limit value. More specifically, by 
starting from tiie values close to tiie respective Bmit val- 
ues, with tine initial value of the recording focus position 
for obtaining the lower limit value being different from 
tiie initial value of the recording focus position for 
obtaining the upper limit value, a recording focus posi- 
tion is optimized iri a short period of time. 

In the present embodiment, an average value of tiie 
lower limit value and the upper limit value is determined 
as an optimum reproduction tocus position^sHowever, in 
the case where an effective reproduction focus position 
is likely to become much lower than the set optimum 
reproduction focus position, for example, due to the 
groove shape and/or reflectivity of a disK a value which 
divklesthe lower limit value and the upper limit value, for 
exanrple, in a ratio of 2:1 may be determined as the opti- 
mum reproduction focus position. By determining the 
value which divides the lower limit value and the upper 
limit value in a ratio of 2:1 as.the optimum reproduction 
focus position, a tolerance for the lower reproduction 
focus position side becomes large. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to tiiat of the first 
embodiment, which has been desaibed with reference 
to Figure 3. 

In tiie present embodiment, recording and repro- 
duction of the land trade and tiie groove track are contin- 
uously performed, Therefore, it takes less time, 
compared witii the case where optimum recording locus 
positions are obtained for the land track and the groove 
track separately. 

For example, when a land track is recorded once 
and a groove track is recorded once: in order to obtain 
an optimum recording focus position, in the case where 
the land track and the groove track are continuously 
recorded and reproduced as in the present emtxxji- 
ment, a time corresponding to 5 rotations in total is 
..required (i.e., 2 rotations for recording, one rotation for 
waiting for reproduction, and 2 rotations for reproduc- 
?tion). 

On the other hand, in a conventional apparatus, 
optimum recording focus positions are obtained for a 
land track and a groove tracK separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e., one rotation for recording, one rotation 
for waiting for reproduction, and one rotation for repro- 
duction). Furthermore, the same amount of time is 
required for the groove track. Thus, a tirne correspond- 
ing to 6 rotations in total is required. 

Assuming that the land track and the groove b^ack 
are recorded at 4 kinds of recording focus positions so 
as to obtain an optimum recording focus position, a time 
corresponding to 20 (5 x 4) rptatipris js required in the 
present embocjiment, whereas a time corresponding to 
24 (6 X 4) rotations is required in tiie conventional appa- 



15 



20 



25 



30 



35 



40 



45 



SO 



13 

)OCID: <EP 08831 13A2J_> 



25 



EP0883113A2 



26 



ratus. Thus, a waiting time for rotation is shortened in 
the present embodiment. 

As descrit)ed above, in the optical disk apparatus of 
the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum 
recording focus position, whereby an optimum record- 
ing focus position can be determined in a short period of 
time, shortening a waiting time for rotation. 

Next, a procedure for obtaining a reproduction 
focus position will be described with reference to a flow 
chart of Figure 12. 

In the present embodiment. In order to obtain an 
optimum value of a reproduction focus position, a lower 
limit value and an upper limit value of the reproduction 
focus position are obtained, and thereafter, an optimum 
value between the lower limit value and the upper limit 
value Is obtained by computation. 

Rrst the optical head 2 is moved to an area for set- 
ting an optimum recording focus position and an opti- 
mum reproduction focus position (Step 401). Then, the 
focus position setting unit 179 sets initial values^ of a 
recording focus position and a reproduction focus posi- 
tion for obtaining, for example, a lower limit value of the 
reproduction focus position (Step 402). At tills time, a 
recording focus position for recording a land track Is 
Identical with a recording focus position for recording a 
groove track. 

SulDsequentiy. a control signal for continuously 
recording one land track and one groove track from a 
predetermined posrtbn is transmitted from tiie land * 
groove continuous recording/reproduction unit 176 to 
the focus position controller 177 and the track position 
controller 1 78. whereby recording is performed by the 
optical head 2. At this time, output light from the semi- 
conductor laser of the optical head 2 is condensed as a 
light spot on tiie optical c6sk 1, whereby a recording 
mark is formed in accordance with a waveform of emit- 
ted light (Step 403). 

After the continuous recording of the land track and 
the groove track Is completed, output light from the sem- 
iconductor laser of the optical head 2 Is condensed at a 
reproduction focus position. A signal for continuously 
reproducing one land track and one groove track previ- 
ously recorded is transmitted from the land* groove 
continuous recording/reproduction unit 17i6 to the track 
position controller 178, and a signal 1710 which Is var- 
ied depending upon tiie presence of tiie recording mark 
on the optical disk 1 Is input from the optical head 2 to 
the reproduction system 3 as a reproduction signal. The 
reproduction signal 1710 is subjected to a reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 171 1 is input to tiie land • groove repro- 
duction signal quality detector 174 (Step 403). 

The land • groove reproduction signal quality detec- 
tor 1 74 detects a signal quality of the signal 1 71 1 . and a 
detection result of the reproduction signal quality is 



input to tiie land • groove optimum focus position deter- 
mination unit 175 (Step 404). 

The land * groove reproduction signal quality detec- 
tor 174 detects, for example, a BER at which the 
5 recorded signal has been reproduced. 

For example, when BERs are not NG for both the 
land ti^ck and the groove track, as a detection result of 
the reproduction signal quality detector 174 (Step 405 
no), tiie land -groove optimum focus position determi- 
10 nation unit 175 sets a reproduction focus position at 
which BERs become OK for botii the land ti-ack and the 
groove track as an Initial reproduction focus position 
(Step 406). While the reproduction focus position is 
gradually lowered, continuous recording and continuous 
75 reproduction of the land track and the groove track are 
performed at each time, and results of the land • groove 
reproduction signal quality detector 174 at the respec- 
tive reproduction focus positions are stored. When 
BERs become NG for both the land track and tiie groove 
track (Step 405 yes), an average reproduction focus 
po^on of a minimum reproduction focus position at 
which the BER is OK and a maximum reproduction 
focus position at which the BER Is NG is obtained for the 
land track and the groove track, respectively, and each 
average reproduction focus position is stored as a lower 
limit value of the reproduction focus position (Step 407). 

An upper limit value is obtained in a similar proce- 
dure to that of the lower limit value in accordance with 
each of Steps 408 to 413. More specifically, the land • 
groove optimum focus position determination unit 175 
sets a reproduction focus position at Which BERs 
become OK for both the land track and the groove trad< 
as an initial reproduction focus position (Step 408). 
While the reproduction focus position is gradually 
raised, continuous recording and continuous reproduc- 
tion of tiie land track and tiie groioive track are perfbmried 
at each time. When BERs become NG for t>otfi tiie land 
ti-ack and the groove track as a result of the land- 
groove reproduction signal quality detector 174 (Step 
411 yes), an average reproduction focus position of a 
maximum reproduction fociis position at which tiie BER 
is OK and a minirtium reproduction focus position at 
which the BER is NG is obtained for the land track and 
tiie groove tracK respectively, and each average repro- 
duction focus position Is stored as an upper limit value 
of the reproduction focus position (Step 413). 

The land • groove optimum focus position determi- 
nation unit 175 determines, for example, an average 
value of the lower limit value and the upper limit value as 
an optimum reproduction focus position (Step 414). 

When tiie lower lirfiit value and the upper limit value 
are obtained, the initial value of the reproduction focus 
position for obtaining the upper limit value is prescribed 
to be higher than that of the reproduction fbciis position 
for obtaining tiie lower limit value. More specifically, by 
starting from tiie values close to tiie respective limit val- 
ues, with the Initial value of the reproduction focus posi- 
tion for obtaining the lower limit value being different 
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from the initial value of the reproduction focus position 
for obtaining the upper limit value, a reproduction focus 
position is optimized in a short period of time. 

In the present embodiment, an average value of the 
lower limit value and the upper limit value is determined s 
as an optimum recording focus position. However, in the 
case where an effective recording focus position is likely 
to become much lower than the set optimum recording 
focus position, for example, due to the warpage and/or 
r^lectivity of a disk, a value which divides the lower limit io 
value and the upper limit value, for example, in a ratio of 
2:1 may be determined as the optimum recording focus 
position. By determining the value which divides the 
lower limit value and the upper limit value in a ratio of 
2 : 1 as the optimum recording focus position, a tolerance is 
for the lower recording focus position side becomes 
large. 

The land ' groove reproduction signal quality detec- 
tor 174 may be designed in such a manner that it 
detects a BER at which a recorded signal has been 20 
reproduced, and does not count errors generated con- 
tinuously at a predetermined time or times. Thus, even 
when an area with a recording defect such as a scratch 
is locally present, the effect thereof can be eliminated, 
and an optimum reproduction focus position can be 2s 
determined more accurately. 

Furthermore, the land * groove reproduction signal 
quality detector 174 is designed to detect a BER at 
which a recorded signal has been reproduced. How- 
ever, the reproduction signal quality detector 174 may 30 
detect a bit error rate, for example, as long as a repro- 
duction signal quality can be detected. 

Furthermore, in the present enrd:)odiment, one land 
track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 35 
disk apparatus which perbrms recording, for example, 
on a block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to Fig- 
ure 7. 

In the case where recording is performed on a block 40 
basis, a movernent path of a light spot on tiie optical 
disk 1 may be as described with reference to Figure 8. 

In the case where recording Is performed on a sec- 
tor basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Figure 9. 45 

If recording and reproduction are performed on a 
sector k}asis, ah area to be continuously recorded and 
reproduced may be one track or jess. Therefore, a wait- 
ing time for rotation can be shortened, compared with 
the case where orie groove track and one land track are so 
continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed 
by a decrease in area which is pontinupusly recpided at 
any one time. 

Furtherrriore. in the present embodirnent, one land ss 
track and one groove track are a>ntjniJ0usly recorded 
and reproduced. However, two or nrK>re land tracks and 
two or more groove tracks may be continuously 



recorded and reproduced. By continuously recording 
and reproducing two or more tracks of both tracks, the 
variation of the tracks is absorbed, and an optimum 
reproduction focus position can be determined more 
accurately. 

Similarly, even in tiie case where recording is per- 
formed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both 
tiie tracks, the variation of the btodcs is absorbed, and 
optimum recording and reproduction focus positions 
can be detemriined more accurately. 

Furthermore, if the worst value of a tHock detected 
t>y the land * groove reproduction signal quality detector 
174 is not adopted when two or more blocks are contin- 
uously recorded and . reproduced, even when . a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, optimum recording and 
reproduction focus positions can be determined more 
accurately. 

Similarly, even in the case where recording is per- 
fbrnied on a sector basis, two or more sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 
optimum recording and reproduction locus positions 
can be determined more accurately. 

Furthermore, if the worst value of a sector detected 
by the land • groove reproduction signal quality detector 
174 is not adopted when two or more sectors are con- 
tinuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, optimum recording and 
reproduction tocus positions can be deterrnined more 
accurately. 

Ennbodiment 3 

In a phase-change type optical disk apparatus of 
the third embodiment,, a recording focus position and a 
reproduction focus position are determined for a groove 
track and a land track, separately. 

Rgure 13 shows a structure of a phase-change 
type optical disk apparatus in the third embodiment of 
the present invention. In Figure 13, reference numeral 1 
deriotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 204 denotes a land • 
groove reproduction signal quality detector, 205 
denotes a land * groove optimum focus position deter- 
mination unit. 206 deriotes a land • groove continuous 
recording/reproduction unit, .207 d&iotes a focus posi- 
tion controller, 208 denotes a track position controller, 
and 209 denotes a land - groove focus position setting 
uriit. 

The optical disk 1 is as described with reference to 
Figure 3. 
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In the present embodiment, a method for determin- 
ing a recording focus position for a groove track and a 
land track, separately, will be described, and thereafter, 
a method for determining a reproduction focus position 
for a groove track and a land track, separately, will be 
described. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum recording focus position and an optimum 
reproduction focus position by the track position control- 
ler 208. 

Initial values of the recording focus position and the 
reproduction focus position are set in the focus position 
controller 207 by the land • groove focus position setting 
unit 209. At this time, a recording focus position for 
recording the land track is kientical with a recording 
focus position for recording the groove track 

Subsequentiy. a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land* 
groove continuous recording/reproduction unit 206 to 
the focus position controller 207 and the track position 
controller 208. whereby recording is performed by the 
optical head 2. At this time, output light from a semicon- 
ductor laser of the optical head 2 is condensed as a light 
spot on tiie optical disk 1 , whereby a recording mark is 
formed in accordance with a waveform of emitted light. 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is conderised at a 
reproduction focus position (equal to the initial recording 
focus position). A signal for continuously reproducing 
one land track and one groove track previously recorded 
is transmitted from the land • groove continuous record- 
Ing/r^roduction unit 206 to the track position controller 
208, and a signal 2010 which is varied depending upon 
the presence of the recording mark on the optical disk 1 
is input from tiie optical head 2 to the reproduction sys- 
tem 3 as a reproduction signal. The reproduction signal 
2010 is subjected to a reproduction signal processing 
such as amplification, waveform equalization, and digiti- 
zation at the reproduction system 3, and a signal 2011 
is input to the land -groove reproduction signal quality 
detector 204. 

The land • groove reproduction signal quality detec- 
tor 204 detects a signal quality of the signal 201 1 , and a 
detection result of tiie reproduction signal quality is 
irput to the lahd • groove optimum focus position deter- 
mination unit 205. 

The land • groove reproduction signal quality detec- 
tor 204 detects a BER. for example, at which a recorded 
signal has been recorded. 

Based on thie detection result of the land • groove 
reproduction signal quality detector 204, each of Steps 
103 to 108 in the flow chart of Figure 5 is performed for 
the land track and tiie groove tracK separately. Thus, 



the respective recording focus positions are set again. 
More specifically, every time a reproduction quality of 
the recorded signal is OK for ttie land track, the record- 
ing focus position is gradually lowered. When the r^ro- 

5 duction quality becomes^NG. an average recording 
focus position of the current recording focus position 
and the previous recording focus position is stored as a 
louver limit value of the recording focus position. A simi- 
lar process Is performed for the groove track, whereby a 

10 lower limit value of the recording focus position is 
stored. 

For example, when tiie first result of tiie land* 
groove reproduction signal quality detector 204 is NG 
for the land track and OK for the groove track, the 

15 recording focus position of the land track is raised, and 
the recording focus position of the groove track is low- 
ered. Therefore, during the second continuous record- 
. ing and reproduction, the recording focus position for 
recording the land track becomes higher tiian tiie 

20 recording focus position for recording the groove track. 

When the second result of the land • groove repro- 
ductk>n signal quality detector 204 is OK for the land 
track and NG for the igroove track, the land • groove opti- 
mum focus position determination unit 205 determines 

25 an average recording focus position of the current 
recording focus position and the previous recording 
focus position for tiie land track and tiie groove track, 
separately, and stores these average recording focus 
positions as lower limit values of tiie recording focus 

30 positions for the land track and tiie groove track. 

When tiie second result of tiie land •groove repro- 
duction signal quality detector 204 is OK for the land 
track and OK for the groove tracK the land • groove opti- 
mum focus position determination unit 205 stores an 

35 average recording focus position of the current record- 
ing focus position and the previous recording focus 
position at which the land trad^ has been recorded as a 
lower limit value of the recording ftxjus position for the 
land track. Regarding the groove track, a recording 

40 focus position lower than the recording focus position at 
which the second recording has been performed Is iset. 
and the groove track is recorded at the set recording 
focus position, whereby a reproduction signal quality is 
detected. 

45 When the third result off the land • groove reproduc- 
tion signal quality detector 204 is NG for tiie groove 
track, the land • groove optimum focus position determi- 
riation unit 205 stores an average recording focus posi- 
tion of the current recording focus poisitioh and the 

so previous recording focus position as a lower limit value 
of the recording focus position for the groove traick. 

Regarding the upper limit value, after Step 110 in 
the flow chart of Figure 5, each of Steps 111 to 116 in 
the flow chart of Figure 5 is performed for tiie land track 

55 and the groove track, separately Thus, an upper limit 
value of the recording focus positiori for the land track is 
obtained and stored, and an upper liriiit value of the 
recording focus position for the groove track \s obtained 
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and stored. 

The land • groove optimum focus position determi- 
nation unit 205 obtains an average value of the upper 
limit value and the lower limit value for the land track and 
the groove track, separately, and determines these s 
focus positions as the optimum recording focus posi- 
tions for the land track and the groove track. The land r 
groove focus position setting unjt 209^sets the optimum 
recording focus position for the land track when data is 
recorded in the land track, and sets the optimurn record- 
ing focus position for the groove track Aivhen data is 
recorded in the groove track. 

When the lower limit value and the upper limit value 
are obtained, the initial value of the recording focus 
position for obtaining the upper iimit value is prescribed 
to be higher than that of the recording focus position for 
obtaining the lower limit value. More specif icajly. by 
starting from the values close to the respective limit val- 
ues, with the initial value of the recording focus position 
for obtaining the lower limit value being different from 
the initial value of the recording focus position for 
obtaining the upper limit value, a recording focus posi- 
tion is optimized in a short period of time. 

In the present ernlxxliment, an average value of the 
lower limit value and the upper limit value is determined 
as an optimum recording focus position. However, in the 
case where an effective recording focus position is likely 
to become much lower than the sjet opiimum recording 
focus position, for example, due to the groove shape 
and/or reflectivity of a disk, a value which divides the 
lower limit value and the upper limit value, for exarrple, 
in a ratio of 2:1 may be determined as the optimum 
recording focus position. By determiriing the value 
which divides the lower limit value and the upper limit 
value in a ratio of 2:1 aSfthe optimum recording focus 
position, a tolerance for tiie lower recording focuS; posi- 
tion side becomes large. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to that of thef irst 
embodiment, which has beeri described with reference 
to Figure 3. 

In the present embodiment recording and repro- 
duction of the land track and the groove track are contin- 
uously performed. Therefore, it takes less time, 
compared with the case where optinrium recording focus 
positions are obtained for the land track and the groove 
tracK separately. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain 
an optimum recording focus position, in the case vyhere 
the land track and the groove track are continuously 
recorded and reproduced as in the pre^^rit embodi- 
ment, a time corresponding to 5 rotations in total is 
required (i.e.. 2 rotations for recording, one rotation for 
waiting for reproduction, and 2 rotations for reproduc- 
tion). 

On the other hand, in a conventional apparatus, 
optimum recording focus positions are obtained for a 



land track and a groove tracK separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e.. one rotation for recording, one rotation 
for waiting for reproduction, and one rotation for repro- 
duction). . Furthermore, the same amount of time is 
required for the groove track. Thus, a time correspond- 
ing to 6 rotations in total is required. 

Assuming that the land track and the groove brack 
are recorded at 4 kinds of recording focus positions so 
as to obtain an optimum recording focus position, a time 
corresponding to 20 (5 x 4) rotations is required in tiie 
present embodiment, whereas a time corresponding to 
24 (6 X 4) rotations is required In tiie conventional appa-. 
ratus. Thus, a waiting time for rotation vis , shortened In 
the present emtxxjiment 

As described above, in the optical disk apparatus of 
^the present embodiment, a land track and a groove 
. track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum 
recording focus position, whereby ah optimum record- 
ing focus position can be determined in a short period of 
tinie, shortening a waiting }ime for rotation. 

Next, a procedure for obtaining a reproduction 
focus position for a groove track and a land tracK sepa- 
rately, will t>e described. 

In the present ernbodiment. in order to obtain an 
optimum value of a reproduction fdicus position, a lower 
limit value and an upper limit value of the reproduction 
focus position are obtainedi and thereafter, an optimum 
value between the lower limit value and tiie upper limit 
value is obtained by computation. 

First initial values of a recording focus position and 
a reproduction focus position for obtaining, for example,- 
a lower limit value of the reproduction focus position are 
set in the focus positbn controller 207 by the land ^ 
groove focus position setting unit 209. At tiiis time, a 
recording focus position for recording a land track is 
identical with a recording focus position tor recording a 
groove trad<. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the, land * 
groove continuous recording/reproduction unit 206 to 
the focus position controller 207 and the track position 
controller 208. whereby recording is performed by the 
optical head 2. At this time, output light from the serni- 
conductor laser, of the optical head 2 is condensed as a 
light spot on the optical, disk 1, whereby a reqprding 
mark is formed in accordance with a waveform of emit- 
ted light 

After the continuous recording of the land track and 
the.grpove trad< is completed, output light from tiie sem- 
iconductor laser of tiiei optical head 2 is condensed at a 
reproduction focus position. A signal for continuously 
reproducing one land track and one groove track previ- 
ously recorded isi transmitted from the land * groove 
coritirjuous recording/reproduction unit 206 tp tiie track 
position controller 208, and a signal 2010 y^ich is var- 
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ied depending upon the presence of the recording mark 
on the optical disk 1 is input from the optical head 2 to 
the reproduction system 3 as a reproduction signal. The 
reproduction signal 2010 Is subjected to reproduction 
signal processing such as amplification, waveform 5 
equalization, and digitization at the reproduction system 
3, and a signal 201 1 1s input to the land * groove repro- 
duction signal quality detector 204. 

The land • groove reproduction signal quality detec- 
tor 204 detects a signal quality of the signal 201 1 , and a 10 
detection result of the reproduction signal quality is 
input to the land • groove optimum focus position deter- 
mination unit 205. 

The land * groove r^roduction signal quality detec- 
tor 204 detects a BER, for example, at which a recorded is 
signal has been reproduced. 

Based on the detection result of the land • groove 
reproduction signal quality detector 204, each of Steps 
203 to 208 in the flow chart of Figure 6 is performed for 
the land track and the groove track, separately. Thus. 20 
the respective reproduction focus positions are set 
again. More specifically, every time a reproduction qual- 
ity of the recorded signal is OK for the land track, the 
reproduction focus position is gradually lowered. When 
the reproduction quality becomes NG, an average 2s 
reproduction focus position of the current reproductfon 
focus position and the previous reproduction focus posi- 
tion is stored as a lower fimit value of the reproduction 
focus position. A similar-process is performed for the 
groove track, whereby a lower limit value of the repro- so 
duction focus position is stored. 

For example^ when the first result of the land • 
groove reproduction signal quality detector 204 is NG 
for the land track and OK for the groove track, the repro- 
duction focus position of the land track is raised, and the 35 
reproduction focus position of the groove track is low- 
ered. Therefore, during the second continuous record- 
ing and reproduction, the reproduction focus position for 
reproducing the land track becomes higher than the 
reproduction focus position for reproducing the groove 40 
track. 

\NUen the second i'esult of the larxJ • groove repro- 
duction signal quality detector 204 is OK for the land 
track and NG for the groove tracK the land • groove qDti- 
mum. focus position determination unit 205 stores an 45 
average reproduction focus position of the current 
reproduction focus position and the previous reproduc- 
tion focus position as a lower limit value of the reproduc- 
tion focus position for the land track and the groove 
track. so 

When the second result of the land • groove-repro- 
duction signal quality detector 204 is OK for the land 
track and OK for the groove tracK the land • groove opti- 
mum focus position determination unit 205 stores an 
average reproduction focus position of the current ss 
reproduction focus position and the previous reproduc- 
tion focus position at which the land track has been 
reproduced as a lower limit value of the reproduction 



focus position for the land track. Regarding the groove 
track, a reproduction focus position lower than the 
reproduction focus position at which the second repro- 
duction has been performed is set. and the groove track 
is recorded at the set reproduction focus position, 
whereby a reproduction signal quality is detected. 

When the third result of the land • groove reproduc- 
tion signal quality detector 204 is NG for tiie groove 
track, the land • groove optimum focus position determi- 
nation unit 205 stores an average reproduction focus 
position of the current reproduction focus position and 
the previous reproduction focus position as a lower limit 
value of tiie reproduction focus position for ttie groove 
track. 

Regarding the upper limit value, after Step 210 in 
the flow chart of Rgure 6. each of Steps 211 to 216 in 
the flow chart of Figure 6 is performed for the land track 
and the groove trad^ separately. Thus, an upper limit 
value of the reproduction focus position for the land 
track is obtained and stored, and an upper limit value of 
the reproduction focus position for the groove track is 
obtained and stored. 

The land • groove optimum fbcuis position determi- 
nation unit 205 obtains an average value of tiie upper 
limit value and the lower limit value for the land track and 
the groove ti^acK separately, and determines these 
focus positions as the optimum reproduction fociis posi- 
tions for the land track and the groove track. The land * 
groove focus position setting unit 209 sets tiie optimum 
reproduction focus position for the land track when data 
is reproduced from the land track, and sets the optimum 
reproduction focus position for the groove track when 
data is reproduced from the groove track. 

When the lower lirrnt value and the upper limit value 
are obtained, the initial value of the reproduction focus 
position for obtaining the upper limit value is prescribed 
to be higher than that of the reproduction focus position 
for obtaining the lower limit value. More specifically, by 
starting from the values close to the respective limit val- 
ues, with the initial value of the reproduction focus posi- 
tion for obtaining tiie lower limit value being different 
from the initial value of the reproduction focus position 
for obtaining the upper limit value, a reproduction focus 
position Is optimized in a short period of tirhe. 

In the present embodiment, an average value of the 
lower limit value and the upper limit value is determined 
as an optimum reproduction focus position. However, in 
the case where an effective reprbductibn focus position 
is likely to become much lower than tiie set optiinum 
reproduction focus position, for example, due to the 
warpage and/or reflectivity of a disK a value which 
divides the lower limit value arid the upper limit value, for 
example, in a ratio of 2:1 may be determined as the opti- 
mum reproduction focus position. By determining the 
value which divides the lower limit value and tiie upper 
limit value in a ratio of 2:1 as the optimum reproduction 
focus position, a tolerance for the lower reproduction 
focus position side becomes large. 
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The land • grcxjve reproduction signal quality detec- 
tor 204 may be designed in such a manner that it 
detects a BER at v^hich a recorded signal has been 
reproduced, and.dpes not count errors generated con- 
tinuously at a predetermined time or tjrTies. Thus, even 
when an area with a recording defect such as a scratch 
Is locally present, the effect thereof can be elirninated, 
and an optimum reproduction focus position can be 
determined more accurately. 

Furthermore, the land • groove reproduction signal 
quality detector 204 is designed to detect a BEB at 
which a recorded signal ; has been reproduced. How- 
ever, the reproduction signal, quality detector 204,nr!ay 
detect a bit enror rate, for exanple, as long as a repro- 
duction signal qual'rty can be detected. 

Furthermore, in the preserit embodiment, one land 
track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 
disk apparatus which performs recording, for^ example, 
on a block basis, a movernent path of a light spot on the 
opti cal disk 1 may be as described with reference to Fig- 
ure?. 

In the case where recording is performed on a block 
basis, a movement path of a light spot on the optical 
disk 1 may be as descrflDed with reference to pigure S; 

In the case yvhere recording is performed on a sec- 
tor tDasis. a movemertt path^of a light spot on the optical 
disk 1 may be as described with ref erence to Figure 9. 

if recording and reproduction are perform&i on a 
sector basis, an area to be recorded and reproduced 
may be one track or less. Therefore, a waiting time for 
rotation can be shortened, compared with the case 
where one groove track and one land track are continu- 
ously recorded and reproduced. Furthermore, deterior 
ration due to repeated recording can be delayed by a 
decrease in area which is continuously recorded at any 
onetime. 

The following nriay be possible: when recording is 
performed on a sector, basis, continuous recording of 
the land track and the groove track is performed yvhile a 
recording focus positipn is gradually decreased, for 
exanrple. on a sector, basis; during, the 5ut)sequent con- 
tinuous reproduction, a reproduction signal quality of 
each sector of the land track and the groove track is 
detected; and a recording focus positipn obtained, by 
adding a certain margin to an average recording focus 
position of the recording, focus positions immediately 
before and after ^e detection result is changed from OK 
to NG Is determined as an optimum recording focus 
position for the land track and the groove track, respec- 
tively 

Similarly, regarding determination of a reproduction 
focus position, the following may be possible: a land 
track and a groove track are continuously recorded 
while a reproduction focus position is gradually 
increased from a low reproduction focus position on a 
sector basis; during the subsequent continuous repro- 
duction, a reproduction sfignal quality of each sector of 



the land track and the groove track Is detected; and with 
an average reproduction focus position of the reproduc- 
tion focus positions immediately before and after the 
detection result is changed from NQ to OK being a 

5 lower limit value of tiie reproduction focus position and 
an average reproduction focus position of the reproduc- 
tion focus positions immediately before and after the 
detectipn result is changed from OK to NG being an 
upper limit value of the reproduction fQCus position, an 

10 average reproduiptlon fpcus position of the» iQwer llrntt 
value and the upper linriit value is detenrnined as an opti- 
mum reproduction focus position. 

As described above, by continuously performing 
recording and reproduction while recording, and repro- 

.15 duction positions are changed on a sector basis, a 
reproduction signal quality result In a plurality of record- 
ing and reproduction focus positions is obtained for the 
. land., track and ,the groove- track in one continuous 
recording and reproduction of tiie land track and the 

20 groove track, which is more effective. .Ffurthermpre. 
deterioration due to repeated recording can be delayed 
by a decrease in area which is continuously, recorded for 
determining optimum recording and:reproductk3n focus 
positions. 

25 Furthermore, in the present ernbodiment. one land 
track and one groove track are continuously recorded 
and reproduced. However, two or more land tracks and 
two or more groove tracks may be pontine 
recorded and reproduced. By continuously recording 

30 and reproducing two or more tracks, the yariatipn of the 
tracte is absorbed, and optimurn recording and r^ro- 
duction focus positions can be determined more accu- 
rately. 

Similarly, even in the case where recording is per- 
35 forrned on a block basis, two or more blocks of a land 
ti-ack and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or morei blocks of botii 
the tracks, the variation of the blocks is absorbed, and 
40 Optimum recording and reproduction focus positions 
^ri be determined rripre accurately. 

V FurthernrTpre, if the worst value pi a bjock detected 
by the land * groove reproduction sigrial quality detector 
204 Is not adopted yyhen two or more ;blocks are contin- 
45 upusly recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, optimurn recording and 
reproduction foqus positions can be determined more 
accurately. 

50 Similarly, even in the case where recording is per- 
formed on a seHCtor basis, two or more sectors of a land 
track and two pr more sectors of a groove trackmay be 
cpntifiuously recorded arid r^roduced. By continuously 
recording and reproducirig two or more sectors of both 

55 the tracks, the variation of the sectors is absorbed, and 
optimum recording arvd reproductlpn focus positions 
can be determined more accurately. 

Furthermore, if tiie worst value-of a sector detected 
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by the land • groove reproduction signal quality detector 
204 is not adopted when two or more sectors are con- 
tinuously recorded and reproduced, evm when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, optimum recording and 
reproduction focus positions can be determined more 
accurately. 

In the first second, and third embodiments of the 
present invention, In order to detect a reproduction sig- 
nal quality by the reproduction signal detectors 4, 174, 
and 204. a detection method based on a BER has been 
illustrated. Alternatively, the following other detection 
methods may be used. 

As an example of the detection method, a method 
for detecting a jitter will be exemplified. Rgure 14A 
shows a relationship between the recording focus posi- 
tion and the jitter. In this figure, the abscissa^ represents 
the recording focus position, and the ordinate repre- 
sents the jitter. Figure 14B shows a relationship 
between the reproduction focus position arKi the jitter. In 
this figure, the abscissa represents the reproduction 
focus position, arid the ordinate represients the jitter. 

The jitter refers to a time shift between a reproduc- 
tion signal and an original signal. The jitter occurs due 
to a decrease in a reproduction signal amplitude caused 
by a ix)sitional shift of a focus pbint of a laser beam and 
decreases with an increase In a reproduction signal 
amplitude. The jitter amount becomes almost constant 
when the reprodijction signal amplitude is saturated. 
Generally, more accurate recording is performed as the 
jitter becomes smaller, under' the same reproduction 
conditions. It is assumed that a detection result in wtiich 
the jitter becomes equal to or lower than a threshold 
value is OK, and a detection result in which the jitter 
exceeds a threshold value is NQ. 

The jitter can be detected as an average value in a 
measurement interval, and does not change enor- 
mously even when an area with a recording defect such 
as a scratch is locally present. Thus, the jitter can suita- 
bly be used for determining an optinrujm focus position. 

As another example of the detection method, a 
method for detecting resolution will be described. Figure 
1 5A shows a relationship between the recording focus 
position and the resolution. In this figure, the abscissa 
represents the recording fociis position, and the ordi- 
nate represerrts the resolution. Figure 15B shows a 
relationship between the reproduction focus position 
and the resolution. The abscissa represents the repro- 
duction focus position, and the ordinate represents the 
resolution. 

The resolution refers to a ratio betweien an ampli- 
tude of a reproduction signal in the shortest period and 
an amplitude of a reproduction signal in the longest 
period. As shown in Figure 16, generally, rriore accurate 
recording is performed as the (resolution becomes 
larger, under the same repu'oductioh conditions. It is 
assumed that a detection result in which the resblutibh 
becomes equal to or higher than a threshold value is 



OK. and a detection result in which the resolution 
becomes lower than a threshold value is NG. 

The resolution can be detected as an aveifage value 
in a measurement interval, and does not change enor- 
5 mously even when an area with a recbi'ding defect such 
as a scratch is locally present. Thus, the r^olution can 
suitably be used for determining ah optimuni focus posi- 
tion. 

As another example of the detection method, a 

10 method for detecting modulation will be described. Fig- 
ure 17A shows a relationship between the recording 
focus position and the miodulation. In tills figure, tiie 
abscissa represents the recording focus position, and 
the ordinate represents the modulation. Figure 17B 

IS shows a relationship between the reproduction focus 
position and the modulation. The abscissa represents 
the reproduction focus position, and the ordinate repre- 
sents the modulation. 

The modulation refers to a ratio between an AC 

20 component and a DC conrponent in a reproduction sig- 
nal in a time interval, as shewn in Rgure 18. Generally, 
more accurate recording is performed as the modula- 
tion becomes larger, under the same reproduction con- 
ditions. It is assumed that a detection result in which the 

25 modulation becomes equal to or higher than a threshold 
value is OK, and a detection result in which the modula- 
tion becomes lower thar> a tiireshold value is NG. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 

30 enormously even when an area with a recording defect 
such as a scratch is locally present. Thus, the modula- 
tion can suitably be used for determining an optimum 
focus position. 

As another example of the detection metiiod, a 

35 method for detecting symmetry wilt be described. Rg- 
ure 19A shows a relationship between tiie recording 
focus position and the symmetry. In this figure, the 
at>scissa represents the recording focus position, and 
tiie ordinate represents the symmetry. Figure 19B 

40 shows a relationship between the reproduction focus 
position and the symmetry The abscissa represents tiie 
reproduction focus position, and the ordinate represents 
the syiimrietry. ^ 
The symmetry refers to a value which shows a sec- 

45 ondary harmonic component of a reproduction signal, 
as shown in Rgure 20. The symmetry occurs due to a 
shift of a shape of a recording mark frbrh a desired 
shape, caused by a shift of a focus point of a laser 
beam. Generally.more accurate recording is peifoirmed 

50 as the symmetry tsecoriies smaller, uritder the sarine 
reproduction conditions. It is assumed that a detection 
result in which an absolute value of the symmetiy 
becomes equal to or higher than a threshold value is 
NG, and a detection result in which an absolute value of 

55 the symmetry becomes lower than a threshold value is 
OK. 

The symmetry can be detected as an average value 
in a measurement interval, and does not change ehor- 
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mously even when an area with a recording defect such 
as a scratch is locally present Thus, the symmetry can 
suitably be used for determining an optimum focus posi- 
tion. 

As another example of the detection method, a s 
method for detecting CN will be described. Figure 21 A 
shows a relationship between the recording focus posi- 
tion and the CN. In this figure, the abscissa represents 
the recording focus position, and the ordinate repre- 
sents the CN. Figure 21 B shows a relationship between 
the reproduction focus position and the CN. The 
abscissa represents the reproduction focus position, 
and the ordinate represents the ON. 

The CN refers to a ratio between a signal compo- 
nent and a noise of a reproduction signal at a particular 
frequency. Generally, more accurate recording is per- 
formed as the CN becomes larger, under the same 
reproduction corxiition& It is assumed that a detection 
result in which the CN becomes equal to or higher than 
a threshold value is OK, and a detection result in which 
the CN becomes lower than a threshold value is NG, 

The CN can be detected as an average yalue in a 
measurement interval, and does not change enor- 
mously even when an area with a recording defect such 
as a scratch is locally present. Thus, the CN can suita- 
bly be used for determining an optimum focus position. 

In the first, second, and third emtxxiiments of the 
present invention, when an optimum recording focus 
position is determined, recording and reproduction are 
performed by changing only a recording focus position 
under the condition that a reproduction focus position is 
fixed. However, the recording focus position and the 
reproduction focus posjtion may be changed simultane- 
ously without fixing the reproduction focus position 
(e.g., a ratio between the recording focus position and 
the reproduction focus position is prescribed to be con- 
stant). 

Similarly, in the first, second, and third embodi- 
ments of the present invention, when an optimum repro- 
duction focus position is determined, recording and 
rqDroduction are performed by changing only a repro- 
duction focus position under the condition tiriat a record- 
ing focus position is fixed. However, the recording focus 
position and the reproduction focus position may be 
changed simultaneously without fixing the recording 
focus position (e.g., a ratio between the recording focus 
position and the r^roduction focus position is pre- 
scribed to be constant). 

For example, in the case where a shift occurs in a 
light-emission wavelength due to the difference in laser 
power between recording and r^roduction, which 
causes a difference in chromatic aberration, both a 
recording focus position and a reproduction focus posi- 
tion are lower and higher than a presumed focus posi- 
tion. Therefore, when optimum recording and 
reproduction, focus positions are determined, a record- 
ing focus position and a reproduction focus position are 
simultaneously changed, whereby more practical opti- 



mum recording and reproduction focus positions can be 
determined. 

In the first to tiiird embodiments, prior to setting the 
optimum recording and reproduction focus positions, 
the optical head 2 is moved to a predetermined area. 
This area is an outermost area la of the optical disk 1 , 
for example, as shown in Rgure 22A- However, when 
the optical disk 1 is warped or vvhen the optical disk 1 is 
not properly placed in an apparatus, the optimum 
recording and reproduction focus positions obtained in 
the outermost area la of the optical disk 1 are not nec- 
essarily optimum for an inner track portion of the optical 
disk 1. More specifically, the optimum recording and 
reproduction focus positions may be different between 
the outer track portion and tiie inner track portion of the 
optical disk 1 . Therefore, in a plurality of places on the 
optical disk 1 (e.g., in an outermost track and an inner- 
most track of the optical disk 1 ). optimum recording and 
reproduction focus positions are obtained, and a sup- 
plementary curve connecting the optimum focus posi- 
tion points in the outermost track and in the innermost 
track as shown in Figure 22B is formed for the optimum 
recording and reproduction focus positions, separately. 
When the optical disk 1 is recorded and reproduced, 
optimum recording and reproduction focus positions 
may be set, respectively, in accordance with a recording 
position and a reproduction position of the optical disk 1 
based on tiie supplementary curve connecting the opti- 
mum focus position points in tiie outermost track and 
the innermost track. 

Embodiment 4 

In the fourth embodiment, a ti'lt angle common to a 
land track and a groove track of an optical disk is 
obtained in order to be set. 

Rgure 23 shows a structure of a phase-change 
type optical d^k apparatus in the fourth embodiment of 
the present invemion. In Rgure 23, reference nunne^^^ 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 2204 denotes a repro- 
duction signal quality detector, 2205 denotes an opti- 
mum tilt angle determination unit. 2206 denotes a 
land -groove continuous recording/reproduction unit. 
2207 denotes a tilt angle controller, 2208 denotes a 
track position controller, and 2209 denotes a tilt angle 
setting unit. 

The optical disk 1 is as described with reference to 
Figure 3. 

Rgure 24A is a diagram showing a radial tilt angle 
a of a laser beam output from the optical head 2. As 
shown in tiiis figure, a radial tilt angle a is a tilt angle 
with respect to an optic axis 22110 vertical to a record- 
ing/reproduction surface of the optical disk 1 (i.e., a tilt 
angle in a radius direction of the optical disk 1). 

Rgure 24B is a diagram showing a tangential tilt 
angle p of a laser beam output from the optical head 2. 
As shown in tiiis figure, a tangential tilt angle p is a tilt 
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angle with respect to the optic axis 221 1 0 vertical to the 
recording/reproduction surface oi the optical disk 1 (i.e., 
a tilt angle in a direction of a tangent of a drcunrrference 
of the optical diski). 

An output direction of a laser beam from the optica) s 
head 2 can be adjusted by the tilt angle controller 2207. 
This enables the radial tilt angle a and the tangential tilt 
angle p of a laser beam from the optical head 2 to be 
adjusted. 

Rgure 25 is a flow chart showing process steps of io 
an optical disk apparatus of the present embodiment. A 
procedure for obtaining a tilt angle will be desaibed with 
reference to the flow chart. 

In an optical disk apparatus, tilt angles to be deter- 
mined include at least a radial tilt angle and a tangential is 
tilt angle. In the present embodiment, first a method for 
determining the radial tilt angle will be described, and a 
method for determining a tangential tilt angle will be 
described later. 

The optical disk 1 is loaded in an optical disk appa- 20 
ratus. Predetermined operations such as kientifying a 
disk type arxi a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum tilt angle by the track position controller 2208 
(Step 501). 25 

Initial values of the radial tilt angle and the tangen- 
tial tilt angle are set in the tilt angle controller 2207 by 
the titt angle setting unit 2209 (Step 502). At this time, a 
tilt angle for recording the land track is identical with a tilt 
angle for recording the groove track. 30 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recording/reproduction unit 2206 to 
the tilt angle controller 2207 and the track position con- 35 
troller 2208, whereby recording is performed by the opti- 
cal head 2. At this time, output light from the 
semiconductor laser 2-1 of the optical head 2 is con- 
densed as a light spot on the optical disk 1 . whereby a 
recording mark is formed in accordance with a wave- 4o 
form of emitted light (Step 503). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser 2-1 of the optical head 2 is emitted at a 
reproduction power. A signal for continuously reproduc- 45 
ing one land track and one groove track previously 
recorded is transmitted from the land - groove continu- 
ous recording/reproduction unit 2206 to the track posi- 
tion controller 2208, and a signal 2210 which is varied 
depending upon the presence of the recording mark on so 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 2210 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system ss 
3, and a signar2211 is input to the reproduction signal 
quality detector 2204 (Step 503). 

The reproduction signal quality detector 2204 



detects a signal quality of the signal 221 1 . and a detec- 
tion result of the reproduction signal quality is input to 
the optimum tilt angle determination unit 2205. When 
the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a 
reproduction signal quality detection result is an aver- 
age reproduction signal quality result of the laud track 
and the groove track. In other words, the reproduction 
signal quality detection result is an average reproduc- 
tion signal quality result of the optical disk 1 when 
recording is performed at the above-mentioned tilt angle 
(Step 504). 

The reproduction signal quality detector 2204 
detects, for example, a BE R at which the recorded sig- 
nal has been reproduced. Figure 26A shows a relation- 
ship between the radisU tilt angle a and the BER. 

In Figure 26A, the abscissa represents the radial tilt 
angle, and the ordinate represents the BER. In general, 
under the same r^roduction conditions, more accurate 
recording and reproduction are performed with a 
smaller BER, It is assumed that a detection result in 
which the BER becomes a threshold value or less is 
OK, and a detection result in which the BER exceeds 
the threshold value is NG. 

When the first result of the reproduction signal qual- 
ity detector 2204 is NG, for example, (Step 504 no. Step 
505 no), the optimum tilt angle determination unit 2205 
sets a radial tilt angle tilted to a plus side from the initial 
radial angle (Step 506). When the first result of the 
reproduction signal quality detector 2204 is OK, for 
example. (Step 504 yes. Step 507 no), the optimum tilt 
angle determination unit 2205 sets a radial tilt angle 
decreased to a minus side from the initial radial tilt angle 
(Step 508). Continuous recording and continuous repro- 
duction of the land track and the groove track at the set 
radial tilt angle are performed In the same way as 
described above (Step 503). 

When the first result of the reproduction signal qual- 
ity detector 2204 is NG, and the second result thereof is 
OK (Step 504 yes. Step 507 yes), the optimum tilt angle 
deterhiination unit 2205 stores an average tilt angle of 
the current radial tilt angle and the previous radial tilt 
angle as a minus side limit value of the radial tilt angle 
(Step 509). 

When the first result of the reproduction signal qual- 
ity detector 2204 is OK. andi the second result thereof is 
NG (Step 504 no, Step 505 yes), the qDtimum tilt angle 
determination unit 2205 stores an average tilt angle of 
the current radial tilt angle and the previous radial tilt 
angle as a minus skle limit value of the radial tOt angle 
(Step 509). 

When the first result of the reproduction signal qual- 
ity detector 2204 is OK. and the second result thereof is 
OK, the optimum tilt angle determination unit 2205 sets 
a tilt angle which is further decreased to the minus side 
than the radial tilt angle recorded and reproduced at the 
second time, and continuous recording and continuous 
reproduction of the land track and tiie groove track are 
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performed at the set radial tilt angle, whereby a repro- 
duction signal quality is detected. When the third result 
of the reproduction signal quality detector 2204 is NG, 
the optimum tilt angle determination unit 2205 stores an 
average radial tilt angle of the current radial tilt angle 
and the previous radial tilt angle as the minus side limit 
value of the radial tilt angle. 

A plus side limit value is obtained in a similar proce- 
dure to that of the minus side limit value in accordance 
with each of Steps 510 to 517. More specif icaily^ every 
time the result of the reproduction signal quality detector 
2204 Is OK. the radial tilt angle is gradually increased to 
the plus side. When the result of the reproductipn signal 
quality detector 2204 becomes NG, the optimum titt 
angle determination unit 2205 stores an average radial 
tilt angle of the current radial tilt angle and the previous 
radial tilt angle as a plus side limit value. 

The optimum tilt angle .determination unit 2205 
determines an average value of the minus side limit 
value and the plus side limit value, for example, as the 
optimum radial tilt angle (Step 518). The tilt position set- . 
ting unit 2209 sets the optimum radial tilt angle. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to that of the first 
embodiment, which has been described with reference 
to Figure 3. 

As described above, in order to obtain an optimum 
tilt angle, the land track and the groove track are 
recorded and reproduced by an equal or almost equal 
length, whereby an average characteristic of the land 
track and the groove track is obtained as an optirnum 
radial tilt angle, and a radial tilt angle suital3le for the 
land track and the groove tradk is determined. 

Furthermore, in the present ernbpdiment, recording 
and reproduction of the land track and the groove track 
are continuously performed. Therefore, it takes less 
time, compared with the. case where optirnum radial 
angles are obtained for the land tra^ck and the groove 
tracK separately, and the obtainedTadial tllt angles are 
averaged. 

For example, when a land track is recorded once 
and a groove track is recorded pnce in order to obtain 
an optimum radial tilt angle, in the case where the land 
track and the groove track are continuously recorded 
and reproduced as in the present embodiment, a tirne 
corresponding to 5 rotations in total is required (i.e., 2 
rotations for recording, one rotatiqii for waiting for repro- 
duction, and 2 rotations for reproduction). 

On the other hand, in a conventional apparatus, 
optimum radial tilt angles are obtained for a land track 
aruj a groove track, separately, so that a time corre- 
sponding to 3 rotations in total is required for the land 
track (i.e., one rotation for recording, one rotation for 
waiting for rep-oduction. and one rotation for reproduc- 
tion). Furthermore, the same amount of time is required 
for the groove track, thus, a time corresponding to 6 
rotations in total is required. 

Assuming that tiie land track and the groove track 



are recorded at 4 kinds of radial tilt angles so as to 
obtain an optimum radial tilt angle, a time corresponding 
to 20 (5 X 4) rotations is required in the present embod- 
iment, whereas a time corresponding to 24 (6 x 4) rota- 

5 tions is required in the conventional apparatus. Thus, a 
waiting time for rotation is shortened in the present 
embodiment. 

Asdescrbed above. In the optical disk apparatus of 
the present embodiment, a land track and a groove 

10 track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimurn radial 
titt angle, whereby an optimum radial tilt angle can be 
determined in a short period of time, shortening a wait- 
ing time for rotation. 

IS Next, a procedure for obtaining a tangential tilt 
angle p will be described with reference.to a flow chart 
of Figure 27. 

In the preisent embodiment, in order to obtain an 
<^imum value of a tangential tilt angle p. a minus side 

20 limit value and a plus side limit value of the tangential tilt 
angle are obtained,, and thereafter, an optimum value 
between the minus , side limit value and the plus skle 
limit value is obtained by conputation. 

Rrst. the optical head 2 is moved to an area for set- 

2S ting an optimum tilt angle (Step 601 ). Then, the tilt angle 
setting unit 2209 sets initial values of a radial tilt angle 
and a tangential tilt angle for obtaining, for example, a 
minus side limit value of the tangential tilt angle (Step 
602). At this time, a tangential tilt angle for reproducing 

30 a land track Is identical with a tangential tilt angle for 
reproducing a groove track. 

Here, it is assumed that the radial tilt angle is fixed 
under tiie same recording conditions so as to examine 
effects of changes in the tangential tilt angle on a repro- 

35 duction signal. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transrnitted from the lartd* 
groove continuous recording/reproduction unit 2206 to 

40 the tilt angle cpntrpller 2207 and the track position con- 
troller 2208, whereby recording is performed by the opti- 
cal head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed 
as a light spot on the optica.1 disk 1 . whereby a recording 

45 rnark is formed in accordance with a waveforrn of emit- 
ted light (Step 603). 

After the continuous recording of the land track and 
the groove track is cprripleted. output light frpm the sem- 
iconductor laser of the optical head 2 is emitted at a 

50 reproduction power. A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land • groove, continu- 
ous recording/reproduction unit 2206 to the track posi- 
tion controller 2208. and a signal 2210 which is vari^ 

55 depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to tiie 
reproduction system 3 as a reproduction signal. The 
reproduction signal 2210 is subjected to reproduction 
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signal processing sucli as amplification, waveform 
equafization, and digitization at the reproduction system 
3. and a signal 221 1 is input to the reproduction signal 
quality detector 2204 (Step 603). 

The reproduction signal quality detector 2204 s 
detects a signal quality of the signal 221 1 , and a detec- 
tion result of the reproduction signal quality is input to 
the optimum tilt angle determination unit 2205. When 
the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a io 
reproduction signal quality detection result is an aver- 
age reproduction signal quality residt of the land track 
and the groove track In other words, the reproduction 
signal quality detection result is an average reproduc- 
tion signal quality result of the optical disk 1 when repro- is 
duction is performed at the above-mentioned tilt angle 
(Step 604). 

The reproduction signal quality detector 2204 
detects, for example, a BER at which the recorded sig- 
nal has been reproduced. Figure 26B shows a relation- 20 
ship between the tangential tilt angle p and the BER. 

In Figure 268, the abscissa r^resents the tangen- 
tial tilt angle, and the ordinate represents the BER. In 
general, under the same reproduction conditions, more 
accurate recording and reproduction are performed with 25 
a smaller BER. It is assumed that a detection result in 
which the BER becomes a threshold value or less is 
OK. and a detection result in which the BER exceeds 
the threshold value is NG. 

When the first result of the reproduction signal qual- 30 
ity detector 2204 is NG, for example, (Step 604 no, Step 
605 no), the optimum tilt angle determination unit 2205 
sets a tangential tilt angle increased to a plus side from 
the initial tangential tilt angle (Step 606). When the first 
result of the reproduction signal quality detector 2204 is 35 
OK. for example, (Step 604 yes. Step 607 no), the opti- 
mum tilt angle determination unit 2205 sets a tangential 
tilt angle decreased to a minus side from the initial tan- 
gential tilt angle (Step 608). Ck)ntinuous recording and 
continuous reproduction of the land track and the 40 
groove track at the set tangential tilt angle are per- 
formed In the same way as described above (Step 603). 

When the first result of the reproduction signal qual- 
ity detector 2204 is NO. and the second result thereof is 
OK (Step 604 yes. Step 607 yes), the optimum tilt angle 45 
determination unit 2205 stores an average tilt angle of ' 
the current tangential tilt aingle and the previous tangen- 
tial tilt angle as a minus side limit value of the tangential 
tilt angle (Step 609). 

When the first result of tile reproduction signal qual- so 
ity detector 2204 is OK. and the second result thereof is 
NG (Step 604 no. Step 605 yes), the optimum tiK angle 
determination unit 2205 stores average tilt angle of 
the cun-ent tangential tilt angle arid tiie previous tangen- 
tial tilt angle as a minus side limit value of the tangential ss 
tilt angle (Step 609). 

When the first result of the reproduction signal qual- 
ity detector 2204 is OK, and tiie second result thereof is 



OK. the optimum tilt angle determination unit 2205 sets 
a tilt angle which is further decreased to the minus side 
than the tangential tilt angle recorded and reproduced at 
tiie second time, and continuous recording and continu- 
ous reproduction of the land track and the groove track 
are performed at tiie set tangential tilt angle, whereby a 
reproduction signal quality is detected. When the third 
result of the reproduction signal quality detector 2204 is 
NG, the optimum tilt angle determination unit 2205 ' 
stores an average tangential tilt angle of the current tan- 
gential tilt angle and the previous tangential tilt angle as 
the minus side limit value of the tangential tilt angle. 

A plus side limit value is obtained in a similar proce- 
dure to that of the minus side limit value in accordance 
with each of Steps 610 to 617. More specifically, every 
time tiie result of the reproduction signal quality detector 
2204 is OK, the tangential tilt angle is gradually 
increased to tiie plus side. When the result of the repro- 
duction signal quality detector 2204 becomes NG. the 
optimum tilt angle determination unit 2205 stores an 
average tangential tilt angle of the current tangential tilt 
angle and the previous tangential tilt angle as a plus 
side limit value. 

The optimum tilt angle determination unit 2205 
determines an average value of the minus side lirnit 
value and tiie plus side limit value, for example, as the 
optimum tangential tilt angle (Step 618). The tilt position 
setting unit 2209 sets the optimum tangential tilt angle. 

When the minus side limit value and the plus skie 
limit value are obtained, the initial value of tiie tangential 
tilt angle for obtaining tiie plus side limit value is pre- 
scribed to be a plus side from that of the tangential tilt 
angle for obtaining the lower limit value. Morie specifi- 
cally, by starting from the values close to the respective 
liniit values, with the initial value of the tangential tilt 
angle for obtaining the minus side fiitiit value being dif- 
ferent from the initial value of the tangential tilt angle for 
ot>taining the plus side limit value, a tangential tilt angle 
is optimized in a short period of-tinie: 

In the present emtxxliment, an average value of the 
minus side limit value and the pliis side limit value is 
determined as an optimurri tangential tilt angle. How- 
ever, in tiie case where an effective tangential tilt angle 
is likely to shift further to a minus skJe than the set tan- 
gential tilt angle, for example, due to the warpage and 
tracking offset of a disk, a value which divides the minus 
side limit value and the plus side limit value, for exam- 
ple, in a ratio of 2:1 may be determined as the optimum 
tangential tilt angle. By determining tiie value which 
divkles the minus side limit value and the plus side limit 
value in a ratio of 2:1 as the optimum tangential tilt 
angle, a tolerance for the minus side tangential tilt angle 
side becomes large. 

The reproduction signal quality detector 2204 may 
be designed in such a manner that it detects a BER at 
which a recorded signal has been reproduced, and 
does not count errors generated continuously at a pre- 
determined time or times. Thus, even when an area with 
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a recording defect such as a scratch is locally present, 
the effect thereof can be eliminated, and an optimum 
tangential tilt angle can be determined more accurately. 

Furthermore, the reproduction signal quality detec- 
tor 2204 is designed to detect a BER at which a s 
recorded signal has been reproduced. However, the 
reproduction signal quality detector 2204 may detect a 
bit error rate, for example, as long as a reproduction sig- 
nal quality can be detected. 

Furthermore, in the present embodiment, one land io 
track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 
disk apparatus which perlbrms recording, fof example, 
on a block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to Fig- is 
ure 7. 

In the case where recording Is performed on a block 
basis, a nnovement path of a light spot on the optical 
disk 1 may be as described with reference to Figure 8. 

In the case where recording is performed on a sec- 20 
tor basis, a movement path of a light spot on the optical 
disk 1 may be as descrft^ed with reference to Figure 9. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a wait- 25 
ing time for rotation will be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed 
by a decrease in area which is continuously recorded at 30 
any one time. . 

Furthermore, in the present ernbocjiment, one land 
track and one gropye track are continuously recorded 
and reproduced. However, two or more larwi tracks and 
two or more groove tracks may be continuously 35 
recorded and reproduced. By continuously recording 
and reproducing two or nf>ore tracks, the variation of the 
tracks is absorbed, and optimum tilt angle can be deter- 
mined more accurately. 

Similarly, even in the case where recording is per- 40 
formed on a block basis, tvyo or rnore blccks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both 
the tracks, the variation of the blocks is absorbed, and 45 
an optimum tilt angle can be determined .nnore accu- 
rately. 

Furthermore, if tiie worst yalue of a block detected 
by the reproduction signal quality detector 2204 is not 
adopted when two or more blocks are continuously so 
recorded and reproduced, even when a blQckwith a , 
recording defect such as a scratch is preserrt. the. block 
can be eliminated. Thus, an optirnum tilt angle can be 
determined more accurately. 

Similarly, even in the case where recording is per- ss 
formed on a sector basis, two or nriore sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. By continuously 



recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 
an optimum tiK angle can be determined more accu- 
rately. 

Furthermore, if the. worst value of a sector detected 
by the reproduction signal quality detector 2204 is not 
adopted when two or more sectors are continuously 
recorded and reproduced, even when a sector with a 
recording defect such as a saatch is present the sector 
can be eliminated. Thus, an optimum tilt angle can be 
determined more accurately. . 

Embodiment 5 

The frfth embodiment is different from the fourth 
enr^bodiment in the steps of obtainirig a tilt angle. 

Figure 28 shows a structure of a phase-change 
type optical disk apparatus in the fifth ernbodiment of 
the present invention. In Rgure 28, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 3174 denotes a land* 
groove reproduction signal quality detector, 3175 
denotes an optimum tilt angle deterrnination unit. 3176 
denotes a land • groove continuous recording/reproduc- 
tion unit. 3177 denotes a tilt angle controller. 3178 
denotes a track position controller, and 3179 denotes a 
tilt angle settirig uriit 

The optical disk 1 is as described with reference to 
Figure 3. 

Rgure 29 is a flow chart showing process steps of 
an optical disk apparatus of the present embodiment A 
,prqcedurefor obtaining a tilt angle will be described witii 
risference to the f low chart 

In an optical disk apparatus, tilt angles to be deter- 
mined include at least a radial tilt angle and a tangential 
tilt angle. In the present emtKxjiment. first, a method for 
determining the radial tilt angle will be described, and a 
method for determining a tangential tilt angle will be 
described later. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as Identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical hjead 2 is rrioyed to an area for setting an 
optimum tilt angle by the track position .controller .31 78 . 
(Step 701). 

Initial values of the radial tilt angle and the tangen- 
tial tilt angle are set in the tilt angle controller 3177 by 
the tilt angle setting unit 3179 (Step 702). At this tirne, a 
tilt angle for recording the land track is identical with a tilt 
angle for recording tiie groove track. 

Subsequently, a control signal for continuously 
recording one larid track and one groove track from a 
predetermined posjtion is transrnitted froni the land* 
groove continuous recording/reproduction unit 31/6 to 
the tilt angle conb-oller 3177 and the track position con- 
trblier^3178, whereby recording is perforniedby theopti- , 
cal head 2. At this tirpe, output light from tiie 
semiconductor laser of the optical head 2 is condensed 
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as a light spot on the optical disk 1 , \Arfiereby a recording 
mark is formed in accordance with a waveform of emit- 
ted light (Step 703). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- s 
loorKluctor laser of the optical head 2 is emitted at a 
reproduction power. A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land -groove continu- 
ous recording/reproduction unit 3176 to the track posi- io 
tion controller 3178, and a signal 3110 which is varied 
depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3110 is subjected to reproduction 75 
signal processing such as amplification, waveform 
equaGzation. and digitization at the reproduction system 
3, and a signal 3111 is input to the land * groove repro- 
duction signal quality detector 3174 (Step 703). 

The land - groove reproduction signal quality detec- 20 
tor 3174 detects a signal quality of the signal 3111 for 
the land track and the groove track, separately, and a 
detection result of the reproduction signal quality is 
input to the optimum tilt angle determination unit 3175 
(Step 704). 25 

For exanple. when BERs are not NG for both the 
land track and the groove track, as a detection result of 
the reproduction signal quality detector 3174 (Step 705 
no), the optimum tilt angle determination unit 3175 sets 
a radial tilt angle at which BERs become OK for both the 30 
land track and the groove track as an initial radial tilt 
angle (Step 706). While the radial tilt angle is gradually 
decreased to a minus side, continuous recording and 
continuous reproduction of the land track and the 
groove track are performed at each time, and results of 35 
the land -groove reproduction signal quality detector 
3174 at the respective radial tilt angles are stored. 
When BERs become NG for tX5th the land track and the 
groove track (Step 705 yes), an average radial tift angle 
of a minimum radial tilt angle at which the BER is OK 40 
and a maximum radial tilt angle at which the BER Is NG 
is obtained for the land track and the groove track, 
respectively, and each average radial tilt angle is stored 
as a minus side limit value of the radial tilt angle (Step 
707). 45 

A plus side lihfiit value is obtiained in a similar proce- 
dure to that of the minus side limit value In accordance 
with each of Steps 708 to 713, More specifically, the 
optimum tilt angle determination unit 3175 sets a radial 
tilt angle at which BERs become OK for bbth the land so 
track and the groove track as an initiar radial tilt angle 
(Step 708). While the radial tilt angle is gradually 
increased to the plus side, continuous recording and 
continuous reproduction of the land track and the 
groove track are performed at each time. When BERs ss 
become NG for both the land track and the groove track 
as a result of the land • groove reproduction signal qual- 
ity detector 3174 (Step 711 yes), an average radial tilt 



angle of a maximum radial tilt angle at which the BER is 
OK and a minimum radial tilt angle at which the BER is 
NG is obtained for the land track and the groove track, 
respectively, and each average radial tilt angle is stored 
as a plus side limit value of the average radial tilt angle 
(Step 713). 

The optimum tilt angle determination unit 3175 
determines, for example, an average value of the minus 
side limit value and the plus side limit value as an opti- 
mum radial tilt angle (Step 714). 

When the riiinus side limit value and the plus side 
limit value are ofcitained, the initial value of the radial tilt 
angle for obtaining the plus side fimit value is prescribed 
to be a plus side from tf^t of the radial tilt angle for 
obtaining the minus side lirtirt value. More specifically, 
by starting from the values dose to the respective limit 
values, with the initial value of the radial tilt angle for 
obtaining the minus side limit value being different from 
the initial value of the radial tilt angle for obtaining the 
plus side limit value, a radial tilt angle is optimized in a 
short period of time. 

In the present ernbodimerrt, an average value of the 
minus side limit value and the plus side limit value is 
determined as an optimum radial tilt angle. However, in 
the case where an effective radial tilt angle is likely to 
shift further to minus side than the set optimum radial tilt 
angle, for example, due to the warpage and/or tilt of a 
disk, a value which divides the rfiinus side limit value 
and the plus side limit value, for exainple, in a ratio of 
2:1 may be determined as the optimum radial tilt angle. 
By determining the value which divides the minus side 
limit value and the plus side limit value in a ratio of 2:1 
as the optimum radial tilt angle, a tolerance for the 
rhinus side radial angle skJe becomes targe. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is sinr^lar to that of the first 
embodiment, which has been descritied with reference 
to Figure 3. 

In the present embodiment, recording and repro- 
duction of tiie land track a:nd tiie groove track are contin- 
uously performed. Therefore, it takes less time, 
compared with the case where optimum radial angles 
are obtained for the land track and th^ groove track, 
sepiarately, and the obtained radial tilt angles are aver- 
aged. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain 
an optimum radial tilt angle, in the case where tiie land 
track and the jgi-oove track are coiitinuously recorded 
and reproduced as in tiie present embodiment, a time 
corresponding to 5 rotations in total is required (i.e.. 2 
rotations for recording, one rotation for uniting for repro- 
duction, and 2 rotations for reproduction). 

On tiie otiier hand, in a conventional apparatus, 
optirtnim radial tilt angles are obtained for a land track 
and a groove track, separately, so that a time corre- 
sponding to 3 rotations in total is required for the land 
track (i.e., one rotation for recording, one rotation for 
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waiting for reprcxJuction, and one rotation for reproduc- 
tion). Furthermore, the same amount of time is required 
for the groove track. Thus, a time corresponding to 6 
rotations in total is required. 

Assuming that the land track and the groove track 
are recorded at 4 kinds of radial tilt angles so as to 
obtain an optimum radial tilt angle, a time corresponding 
to 20 (5 X 4) rotations Is required in the present embod^ 
iment. whereas a time corresponding to 24 (6 x 4) rota- 
tions is required in the conventipnal, apparatus. Thus, a 
waiting time for rotation is shortened in the present 
embodiment. 

As described above, in the optical disk apparatus of 
the present embodiment a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum radial 
tilt angle, whereby jEui. optimum radial tilt angle can be 
determined in a short period of time, shortening a wait- 
ing time for rotation. 

Next, a procedure for obtaining a tangential titt 
angle p will be described with reference to a flow chart 
of Figure 30. 

In the present embodiment, in order to .obtain an 
optimum value of a tangential tilt angle p. a minus side 
limit value and a plus side limit value of the tangential tilt 
angle are obtained, and thereafter, an optimum value 
between the rpinus side limit value and the plus side 
limit value is obtained by computation. 

First, the opticarhead 2 is moved to an area for set- 
ting an optimum tangential tilt angle, (Step 801), Then, 
the tilt angle setting unit 3179 sets initial values of a 
radial tilt angle and a tangential tilt arigle fpr ot>taining. 
for example, a minus side limit value of the tangential tilt 
angle (Step 802). At this time, a tangential tilt angle for 
recording a land track |s identical vyjth a tangential tilt 
angle for recording a groove track. 

Subsequently, a control sigrial for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recording/reproduction unit 3176 to 
the tilt angle contro|ler 3177 arKj the track pp con-, 
troller 3178, wheret^y recording is perforrned by the pptir 
cal head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed 
as a liglit spot on the optical disk 1 . whereby a recording 
mark is formed in accordance, with ajVvayeform of emit- 
ted light (Step 803), 

After the continuous recording of the land track arid 
the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is . emitted at a 
reproduction power. A signal ^r continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land -groove continu- 
ous recording/reproduction unit 3176 to the track posi- 
tion controller 3178. and a sigrial 31 tO which is varied 
depending upon the presence of the repording mark on 
the optical disk 1 is input frorn the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 



reproduction signal 3110 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3. and a signal 3111 is input to the land - groove repro- 

5 duction signal quality detector 31 74 (Step 803). 

The land • groove reproduction signal quality detec- 
tor 3174 detects a signal quality of the signal 311 1 , and 
a detection result of the rjeproduction signal quafity is 
input to the optirrium tilt angle determination unit 3175 

10 (Step804). 

For example, when BERs are OK for both the land 
track and the groove tracK as a detection result of the 
reproduction signal quality detector 3174 (Step 805, 
no), the optimum tilt angle determination unit 3175 sets 

15 a temgential tilt angle at which BERs become OK for 
both tiie land track arid the groove track as an initial tan- 
gential tilt angle (Step 806). While the tangential tilt 
angle is gradually decreased to a rninus side, continu- 
ous recording and continuous reproduction of the land 

20 track and the groove track are performed at each time, 
and results of the land -groove reproduction signal 
quality detector 3174 at the respective; tangential tilt 
angles are stored. When BERs become NQ fpr bdth the 
land track and the groove track (Step 805 yes), an aver- 

25 age tangential titt angle of a minimum tangential tilt 
angle at which tiie BER is OK and a maximum tangen- 
tial tilt angle at which the BEB is NG is.obtained for tiie 
land track and tiie groove track, respectively, and each 
average tangential titt^angle is stored as:a minus side 

30 limit value of tiie tangential tilt angle (Step 807). 

A plus side limit value is olptained in a similar proce- 
dure to that of the minus side limit yaluje in accordance . 
with each of Steps 808 to 81 3. More specificaily. the 
optimum tilt angle deterrninatipn unit 3175. sets a tan- 

35 gential tilt angle at which BERs become OK for both the 
land ti^ack and the groove track as an initial tangential tilt 
. angle (Step 808). Whije the tangential tilt angle is grad- 
ually increased to /the plus side, continuous Tecording 
and continuous reproduction of -the land track and the 

40 groove track are perfornried at each time. When BERs 
becprne NG for t)ptii the land track and the groove track 
as a result of the land * groove reproduction signal qual- 
ity detector 3174 (Step 811 yes), an average tangential 
tilt angle of a maxinujm tangential tijt angle at which the 

45 BER is OK and a minimum tangential tilt angle.at which 
the BER is NG is obtained for tiie land track and the 
groove track, respectively, and each average tangential 
tilt angle is stored as a plus side limit value of the tan- 
gential tilt angle (St^, 81 3). 

so The optimum tilt angle determination unit 3175 
determines, for exarnple. an ayea^age : value of the minus 
side limit value and the plus side limit value, as an opti- 
mum tangential tilt angle, for the land track and the 
groove track, respectiyely (Step 814). 

55 When the minus side liniit value and the plus side 
limit value are obtained,,the initial value of the tangential 
tilt angle for obtaining the plus side limit value is pre- 
scribed to be a plus side from that of the tangential tilt 
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angle for obtaining the minus side limit value. More:spe- 
ciflcally. by starting from the values close to the respec- 
tive limit values; with the initial value of the tangential tilt 
angle for obtaining the minus side limit value being dif- 
ferent from the initial value of the tangential tilt angle for 5 
obtaining the plus side limit value, a tangential tilt angle 
is optimized in a short period of time. 

In the present embodiment, an average value of the 
minus side limit value and the plus side limit value is 
determined as an optimum tangential tilt angle. How- 10 
ever. In the case where an effective tangential tilt angle 
is likely to shift further to a minus side than the set qDti- 
mum tangential titt angle, for example, due to the warp- 
age and/or tilt of a disk, a value which divides the minus 
side limit value and the plus side limit value, for exam- 
ple, in a ratio of 2:1 may be determined as the optimum 
tangential tilt angle. By determining the value which 
divides the minus side limit value and the plus side limit 
value in a ratio cf 2:1 as the optimum tangerttial tilt 
angle, a tolerance for the minus side tangential tilt angle 
side becomes large. 

The land • groove r^roduction signal quality detec- 
tor 3174 may be designed in such a manner that it 
detects a BE R at which a i'ecorded signal has been 
reproduced, and does not count errors generated con- 
tinuously at a predetermined time or times. Thus, even 
when an area with a recording defect such as a scratch 
is locally present, the effect thereof can be eliminated, 
and an optimum tangential tilt angle can be determined 
more accurately 

Furthermore, the land • groove reproduction signal 
quality detector 3174 is designed to detect a BER at 
which a recorded signal has been reproduced. How- 
ever, the land • groove reproduction signal quality detec- 
tor 3174 may detect a bit error rate, foi* ecample, as long 
as a reproduction signal quality can be detected: 

Furthermore, in the present embodiment, one land 
track and one grdove track are continuously recorded 
and continuously reproduced. However, in an c^ticai^ 
disk apparatus which pierforms recordingi for example, 
on a block basis, a movement path of a light spot oh the 
optical disk 1 niay be as described with reference to Rg- 
ure 7. 

In the case where recording is performed on a block 
basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Rgure 8. 

In the case where recording is performed on a sec- 
tor basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Rgure 9. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a wait- 
ing time for rotation will be shortened, compared with 
the case where one groove track and one land tiiack are 
continuously recorded and reproduced. FurUiermbre, 
deterioration due to repeated recording can be delayed 
by a decrease in area which is coritihuously recorded at 
any one time. 



Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded 
and reproduced. However, two or more land tracks and 
two or more groove tracks may be continuously 
recorded and reproduced. By continuously recording 
and reproducing two or more tracks, the variation of the 
tracks is absortsed, and optinnum tangential tilt angle 
can be determined more accurately. 

Similarly, even in the case where recording is per- 
formed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording aruj reproducing two or more blocks of both 
the tracks, the variation of the blocks is absorbed, and 
an optimum tangential tilt angle can be determined 
more accurately. 

Furthermore, if tiie worst value of a block detected 
by the land * groove reproduction signal quality detector 
3174 is not adopted when two or more blocks are con- 
tinuously recorded and reproduced, even when a block 
with a recording defect such as a scratch-Is present, the 
block can be eliminated. Thus, an optimum tangential tilt 
angle can be determined more accurately. 

Similarly, even in the case where recording is per- 
formed on a sector basis/ two or rhore sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both 
the tracks, tiie variation of tile sectors is absorbed, and 
an optimum tangential tilt angle can be determined 
more accurately. 

FurthQ-more. if tiie worst value of a sector detected 
by the land • groove reproduction signal quality detector 
3174 is not adopted when two or more sectors iare con- 
tinuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum tangential 
tilt angle can t>e determined more accurately. 

In the fourth and fifth embodirrients of the present 
invention, in order to detect a reproduction signal quality 
by the reproduction signal detectors 2204 and 3174, a 
detection method based on a BER has been illustrated. 
Alternatively, the following other detection methods may 
be used. 

As an example of the detection method, a metfnod 
for detecting a jitter will be exerinplified. Rgure 31 A 
shows a relationship between the radial tilt angle and 
the jitter. In this figure, the abscissa repiresents the 
radial tilt angle, and the ordinate represents 'the ptter. 
Figure 31 B shows a relationship between the tangential 
tilt angle and tiie jitter. In this figure, the abscissa repre- 
sents the tangential tilt arigle, and tiie ordinate repre- 
sents the jitter. 

The jitter refers to a time shift between a reproduc- 
tion signal and an original signal. The jitter occurs dua 
to a decrease in a reproduction signal amplitude, etc. 
caused by an aberration of a spot of a laser beam 
ascribed to a tilt and decreases witii an inaease in a 
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reproduction signal amplitude. The jitter amount 
becomes almost constant when the reproduction signal 
amplitude is saturated. Generally, more accurate 
recording is performed as the jitter becomes .smaller, 
under the same reproduction conditionsr It is assumed $ 
that a detection result in which the jitter becomes equal 
to or lower than a threshold value is OK; and a detection 
result in which the jitter exceeds a threshold value is 
NG. 

The jitter can be detected as an average value in a 
measurement interval, and does not change enor- 
rnously even when an area with a recording defect such 
as a scratch is locally present Thus, the jitter can suita- 
bly be used for determining an optimum tilt angle. 

As another example of the detection method, a 
method for detecting resolution will be described. Figure 
32 A shows a relationship between the radial angle and 
the resolution. In this figure, the abscissa represents the 
radial tilt angle, and the ordinate represents the resolu- 
tion. Figure 32B showsa relationship between the tan- 
gential tilt angle and the resolution. The atDsdssa 
represents the tangential tilt angle, and the ordinate rep- 
resents the resolution. 

The resolution refers to a ratio~between an ampli- 
tude of a reproduction signal in the shortest period and 
an amplitude of a reproduction signal in the longest 
period, as shown in Figure 1 6. Generally, more accurate 
recording is performed as the resolution becomes 
larger, under the same reproduction conditions, it is 
assumed that a detection result in which the resolution 
becomes equal to or higher than a threshold value is 
OK, and a detection result in which the resolution 
becomes lower tiian a threshold value is NG. 

The resolution can be detected as an average value 
in a measurement interval, and does not change enor- 
mously even when an area with a recording defect such 
as a scratch is locally present Thus, the resolution can 
suitably be used for determining an optlniurn tilt angle. 

As another exarnple of the detection method, a 
method for detecting modulation will be descrit>ed. Fig- 
ure 33A shows a relationship between the radial tilt 
angle and the mpdulatipn. In this figure, the abscissa 
represents the radial tilt angle, and the ordinate repre- 
sents the modulatipn. Figure 33B shows a relationship 
between the tangential tilt angle and the modulation. 
The abscissa represents the tangential tilt angle, and 
the ordinate represents the rnodulatipn. 

The modulation refers to a ratio between an AC 
component and a DC component in a reprpductipn sig- 
nal In a time interval, as shown in Figure 18. Generally, 
more accurate recording is performed as^the rnpdula- 
tion becomes larger, under the same reproduction con- 
ditions. It is assumed that a detection result in which the 
modulation t^ecpmes equal to or higher than a threshold 
value is OK. and a detection result in vvhich the modula- 
tion becomes lower than a threshold value js NG. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 



enormously even when an area with a recording defect 
such as a scratch is locally present. Thus, the modula- 
tion can suitably be used for determining an optimum tilt ^ 
angle. 

' As another example of the detectipn method, a 
method for detecting symmetry will be described. Fig- 
ure 34A shows a relationship between the radial angle 
and the symmetry. In this figure, the abscissa repre- 
sents the radial tilt angle, and the. ordinate represents 
the symmetry Figure 34B shows a relationship 
between the tangential tilt angle and the symmetry. The 
abscissa represents the -tangential tilt angle, and the 
ordinate represents the symmetry. 

The symmetry refers to a value which shovys a sec- 
ondary harmonic component of a reproduction signal, 
as shown in Figure 35. The symmetry occurs due to a 
shift of a shape of a recording mark from a desired 
shape,, caused by an aben-ation of a spot of a laser 
beam ascribed to a tilt. Generally, more . accurate 
recording is performed as the symmetry becomes 
smaller, under the same reproduction conditions, it is 
assumed that a detection result in which an absolute 
value of the symmetry becomes equal.to or higher than 
a threshold value is NG. and a detection result in which 
an absolute value of the symmetry becomes lower than 
a threshold value is OK. 

The symmetry can be detected as an average value 
in a rneasurement interval, arid does not change enor- 
mously even when an area with a recording defect such 
as a scratch is locally present. Thus, the symmetry can 
suitat)ly be used for determining an optimunfi tilt angle. 

As another example .of the detectipn method, a 
method for detecting ON wijl be jdescribed. Figure 36A 
shows a relationship between the radial tilt angle and 
the CN. In this figure, the ak^issa represents the radial 
tilt angle, and the ordinate r^resents the CN. Figure 
36B shows a relationship between the tangential tilt 
angle and the CN. The abscissa represents the tangen- 
tial tilt angle, and the, ordinate represents 

The CN refers to a ratio between a signal compo- 
nent and a noise of a reproduction signal at a particular 
frequency. Generally, more accurate recording c is per- 
fbrnfied as the .pN becomes larger^, under .the same 
reproduction cprtditions. It is assumed that a detectipn 
result in which the CN becomes (equal to or higher than 
a threshold value is OK, and a detection result in which 
the CN becornes lower thari a threshold yalue is NG. 

The CN can be detected as jan ayei;age value in a 
measurement interval, and does not change enor- 
mously even when an area with a recording defect such 
as a scratch Is locally present. Thus, the CN can suita- 
bly be used for determining an optimum tilt angle. 

In the fourth and fifth embodiments of the present 
invention, when an optimum radial tilt angle is deter- 
mined, recording and reproduction are perforrned by 
changing only a radial tilt angle urider the condition that 
a tangential tilt anglef. is fixed. However, the radial tilt 
angle and the tangential tilt angle may be changed 
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simultaneously without fixing the tangential tilt angle 
(e.g., a ratio between the radial tilt angle and the tan- 
gential tilt angle is prescribed to be constant). 

Similarly, in the fourth and fifth embodiments of the 
present invention, when an optimum tangential tilt angle s 
is determined, recording and reproduction are per- 
formed by changing only a tangential tilt angfe under the 
condition that a r^ial tilt angle is fixed:; However, the 
radial tilt angle and the tangential tilt angle may be 
changed simultaneously without fixing the radial tilt io 
angle (e.g., a ratio between the radial tilt angle and the 
tangential tilt angle is prescribed to be constant). 

For example, in the case where a shift occurs in a 
light-emission wavelength due to the difference In laser 
power between recording and reproduction, which 75 
causes a difference in chromatic aberration, both a 
radial tilt euigie and a tangential tilt angle are tilted to a 
plus side or a minus side from a presumed tilt angle. 
Therefore, when an optimum tilt angle is determined, a 
radial tilt angle and a tangential tilt angle are simuttane- 20 
ousiy changed, whereby a more practical optimum tilt 
angle can be determined. 

In the fourtii and fifth embodiments, prior to setting 
the optimum radial tilt angle and the optimum tangential 
tilt angle, the optical head 2 is moved to a predeter- 25 
mined area. This area is an outermost area la of the 
optical disk 1. for example, as shown in Figure 22A. 
However, when the optical disk 1 is warped or when the 
optical disk 1 is not properly,, placed in an apparatus, 
the optimum radial tilt angle and tiie optimum tangential 30 
tilt angle obtained In thei outermost area 1 a of the optical 
disk 1 are not necesisairily optimum for an inner track 
portion of the optical disk 1. More specifically, the opti- 
mum radial tilt angle and the optimum tangential tilt 
angle may be different between the outer track portion 35 
and tine inner track portion of the optical disk 1. There- 
fore, in a plurafity of places on the optical disk 1 (e.g., in 
an outermost track and an innermost track of the optical 
disk 1 ) , an optimum radial tilt angi e and an optimum tan- 
gential tilt angle are obtained, and a suppierhentary 40 
curve connecting the optilmirn tilt angle points iii the 
outermost track and in the innermost track as shown in 
Figure 22C is formed for the optimum radial tilt angle 
and the optimum tangential tilt angle, separately. When 
the optical disk 1 is recorded and reproduced, an opti- 4S 
mum radial tilt angle and an optimum tangential tilt 
angle may be set, respectively, in accordance with a 
recording position and a reproduction position of the 
optical cfisk 1 based on the supplementary curve con- 
necting the optimum tilt angle points in the outermost so 
track and the innermost track. 

Embodiment 6 

In the sixth embodiment, an intensity (i.e.. power) of ss 
output light from a semiconductor laser, which is corrv 
mon to a land track and a groove track of an optica! disk 
is set. 



Rgure 37 shows a structure of a phase-change 
type optical disk apparatus in tiie sixth embodiment of 
the present invention. In Rgure 37, reference numeral 1 
denotes an optical disk, 2 denotes an optical head. 3 
denotes a reproduction system, 3504 denotes a repro- 
duction signal quality detector, 3505 denotes an opti- 
mum recording power determination unit. 3506 denotes 
a land* groove continuous recbiding/reproduction unit. 
3507 denotes a laser driving circuit. 3508 denotes a 
track position controller, and 3509 denotes a recording 
power setting unit. 

TTie optical disk 1 is as described with reference to 
Figures. 

Rgure 38 shows an intensity (i ©-. three kinds of 
power: a reproduction power, a bias power, and a peak 
power) of a laser beam from a semiconductor laser of 
the optical head 2. and a recording state (i.e.. an erased 
mark and a recorded mark) of a track of the optical disk 
1 obtained by using these powers. 

The intensity of a laser beam from the semiconduc- 
tor laser of the optical head 2 can be adjusted by the 
laser driving circuit 3507. 

Rgure 39 is a flow chart showing process steps of 
an optical disk apparatus of the present errtoodiment. A 
procedure for obtaining a power of a laser beam will be 
described with reference to the flow chart. 

In a phase-change type optical disk apparatus, 
powers to be determined include at tejast a peak power 
and a bias power. In the present embodiment; first, a 
metiiod for determining a peaik power will be described, 
and a mettnod for determining a bias power will t^e 
described later. 

^TTie optical cfisk 1 is load^ in an optical disk aii^a- 
ratus. Predetermined operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter/ tiie optical head 2 is moved to an area for setting an 
optimum irradiation power by the track position control- 
ler 3508 (Step 901). It is assumed that this area is a 
recording area other than a user area provided in an 
innermost track or an outermost track of the optical disk 
1 in which a user records data. 

Initial values of the peiak power and the bias power 
are set in the laser driving circuit 3507 by the recording 
power setting unit 3509 (Step 902). At this time, a power 
for recording the land track is identical with a power for 
recording the groove track 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recording/reproduction unit 3506 to 
the laser driving circuit 3507 and the track position con- 
troller 3508, whereby recording is performed by the opti- 
cal head 2. At this time, output'' light from the 
semiconductor laser of the optical head 2 is condensed 
as a light spot on the optical disk 1 , whereby a recording 
mark is formed in accordance with a waveform of emit- 
ted light (Step 903). 

After the continuous recording of the land track and 
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the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is emitted at a 
reproduction power. A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land • groove continu- s 
ous recording/reproduction unit 3506 to the track posi- 
tion controller 3508. and a signal 3510 which is varied 
depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3510 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 351 i is input to the reproduction signal 
quality detector 3504 (Step 903). 

The reproduction signal quality detector 3504 
detects a signal quality of the signal 3511 . and a detec- 
tion result of the reproduction signal quality is input to 
the optimum recording power determination unit 3505 
(Step 904). When the length of the reproduced land 
track is equal to or almost equal to that of the repro- 
duced groove tracK a reproduction signal quality detec- 
tion result is an average reproduction signal quality 
result of the land track and the groove track. In other 
words, the reproduction signal quality detection result is 
an average reproduction signal quality result of tiie opti- 
cal disk 1 when recording is performed at the above- 
mentioned power (Step 904). 

The reproduction signal quality detector 3504 
detects, for example, a BER at which the recorded sig- 
nal has been reproduced. Rgure 40A shows a relation* 
ship between the peak power and the BER. 

In Figure 40A, tiie abscissa represe»its the peak 
power, and the ordinate represents the BER. In general, 
under the same reproduction conditions, more accirate 
recording and reproduction are performed with a 
smaller BER. It is assumed that a detection result in 
which the BER becomes a threshold value or less is 
OK, and a detection result in which the BER exceeds 
the threshold value is NG. 

When tiie first result of the reproduction signal qual- 
ity detector 3504 is NG, for example, (Step 904 rx>. Step 
905 no), the optimum recording power determination 
unit 3505 sets a peak power larger than the initial power 
(Step 906). When the f irst result of the reproduction sig- 
nal quality detector 3504 is OK, for example, (Step 904 
yes, Step 907 no), the optimum recording power deter- 
mination unit 3505 sets a peak povyer smaller than the 
initial power (Step 908). Continuous recording and con- 
tinuous reproduction of the land track and the groove 
track at the set peak power are performed in the same 
way as described above (Step 903). 

When the first result of the reproduction signal qual- 
ity detector 3504 is NG. and the second result thereof is 
OK (Step 904 yes. Step 907 yes), the optimum record- 
ing power determination unit 3505 determines a power 
obtained by adding a predetermined margin to an aver- 
age power of the current peak power and the previous 



peak power as an optimum peak power (Step 909 and 
910). 

When the first result of the reproduction signal qual- 
ity detector 3504 is OK, and tiie second result thereof is 
NG (Step 904 no. Step 905 yes), the optimum recording 
power determination unit 3505 determines a power 
obtained by adding a predetermined margin to an aver- 
age power of the current peak power and the previous 
peak power as an optimum peak power (Steps 909 and 
910). 

When the first result of the reproduction signal qual- 
ity detector 3504 is OK. and tiie second result thereof is 
OK, the optimum recording power determination unit 
3505 sets a power smaller tiian the peak power used 
during the second recording, and continuous recording 
and continuous reproduction of the land track and the 
groove track are performed at the set peak power, 
whereby a reproduction signal quality is detected. When 
the tiiird result of the reproduction signal quality detec- 
tor 3504 is NG, the optinrum recording power determi- 
nation unit 3505 determines a power obtained by 
adding a predetermined margin to an average power of 
the current peak power and the previous peak power as 
an optimum peak power (Steps 909 and 910). The 
recording power setting unit 3509 selects the optimum 
peak power when data is recorded. 

In the present ernbodiment. a movement path of a 
light, spot on the optical disk 1 is similar to that of tiie 
first embodiment, which has been described with refer- 
ence to Figure 3. 

As descrbed atx)ve, in order to obtain an optimum 
peak power, the land track and the groove track are 
recorded and reproduced by an equal or almost equal 
length, whereby an average characteristic of the land 
track and the groove track is obtained as an optimum 
peak power, and an optimum peak power suitable for 
the land track arvj the groove ti'ack is determined. 

FurtherrrK>re, in the present embodiment, recording 
and reproduction of the land track and the groove track 
are continuously performed. Therefore, it takes less 
time, compared with the case where optimum peak 
powers are obtained for the lard track and the groove 
track, separately, and the obtained peak powers are 
averaged. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain 
an optimum peak power, in the case where the land 
track and the groove track are continuously recorded 
and reproduced as in the present embodiment, a time 
corresponding to 5 rotations in total is required (i.e., 2 
rotations for recording, one rotation for waiting for repro- 
duction, and 2 rotations for reproduction). 

On the other hand, in a conventional apparatus, 
optimum peak powers are obtained for a land track and 
a groove track, separately, so that a time corresponding 
to 3 rotations in total is required for the land track (i.e., 
one rotation for recording, one rotation for wraiting for 
reproduction, and one rotation for reproduction). Fur- 
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thermore, the same amount of time is required for the 
groove track. Thus, a time corresponding to 6 rotations 
in total is required. 

Assuming that the land track and the groove track 
are recorded at 4 levels of peak powers so as to obtain s 
an optimum peak power, a time corresponding to 20 (5 
X 4) rotations is required in the present embodiment, 
whereais a time corresponding to 24 (6 x 4) rotations is 
required in the conventional apparatus. Thus, a waiting 
time for rotation is shortened in the present embodi- io 
ment. 

As described above. In the optical disk a^aratus of 
the present ent)odlment. a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum is 
recording power, whereby an optimum recording power 
for recording a user area can be determined in a short 
period of time, shortening a waiting time for rotation. 

Next, a procedure for determining a bias power will 
be described.. A bias power has a narrower margin of 20 
power at which user data can be recorded, compared 
with a peiak power. For example, a margin of the peak 
power is about 6 mW (9 mW to 1 5 mW), whereas a mar- 
gin of the bias power is about 3 mW (3 mW to 6 mW). 

In the present embodiment, in order to obtain an 25 
optimum value of a bias power, a lower limit value and 
an upper limit value of a bias power at which user data 
can be recorded is obtained, and thereafter, an optimum 
value between the lower limit value and tiie upper limit 
value is obtained by conputation. 30 

A procedure for obtaining a bias power will be 
described with reference to a flow chart shown in Rgure 
41. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 3S 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum irradiation power by the track position control- 
ler 3508 (Step 1 001 ). 

Initial values of the peak power and the bias power 40 
are set in the laser driving circuit 3507 by the recording 
power setting unit 3509, for example, for obtaining a 
lower limit value of the bias power (Step 1002). At this 
time, a power for recording the land track is identical 
with a power for recording the groove track. 4S 

Subsequentiy, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land* 
groove continuous recording/reproduction unit 3506 to 
the laser driving circuit 3507 and the track position con- so 
troller 3508, whereby recording is performed by tiie opti- 
cal head 2. At tiiis time, output light from the 
semiconductor laser of tine optical head 2 is condensed 
as a light spot on the optical disk 1 , whereby a recording 
mark is formed in accordance with a waveform off emit- ss 
ted light (Step 1003). 

After the continuous recording of the land track and 
the groove f ack is completed, output light from the sem- 



iconductor laser of the optical head 2 is emitted at a 
reproduction power. A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land • groove continu- 
ous recording/reproduction unit 3506 to the track posi- 
tion controller 3508, and a signal 3510 which is varied 
depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3510 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 3511 is input to the reproduction signal 
quality detector 3504 (Step 1 003). 

The reproduction signal quality detector 3504 
detects a signal quality of the signal 3511 . and a detec- 
tion result of the reproduction signal quality is input to 
the optimum recording power determination unit 3505 
(St^ 1004). Vy^nen the length of the reproduced land 
track is equal to or almost equal to that of the repro- 
duced groove track, a reproduction signal quality detec- 
tion result is an average reproduction signal quality 
result of the land track and tine groove track. In other 
words, tine reproduction signal quality detection result is 
an average reproduction signal quality result of the opti- 
cal disk 1 when recording is performed at the above- 
mentioned power (Step 1 004) . 

The reproduction signal quality detector 3504 
detects, for example, a BE R at which tiie recorded sig- 
nal has been reproduced. Figure 40B shows a relation- 
ship between tiie bias power and the BER. 

In Figure 40B. the abscissa represents the bias 
power, and the ordinate represents the BER. In general, 
under the same reproductfon conditions, more accurate 
recofding and reproduction are performed with a 
smaller BER. It is assumed that a detection result in 
which the BER becomes a threshold value or less is 
OK. and a detection result in which the BER exceeds 
tiie threshold value is NG, 

When the first result of the reproduction signal qual- 
ity detector 3504 is NG, for exanple. (Step 1004 no, 
Step 1005 no), the optimum recording power determi- 
nation unit 3505 sets a bias power larger tiian the initial 
power (Step 1006). When the first result of the repro- 
duction signal quality detector 3504 is OK, for exanple, 
(Step 1004 yes. Step 1007 no), the optimum recording 
power determination unit 3505 sets a bias power 
smialler than the initial power (Step 1008). Continuous 
recording and continuous reproduction of the land track 
and the groove track at the set bias power are per- 
formed in the same way as described above (Step 
1003). 

When the first result of the reproduction signal qual- 
ity detector 3504 is NG. and the second result thereof is 
OK (Step 1004 yes. Step 1007 yes), the optimum 
recording power determination unit 3505 stores an 
average power of the current bias power and the previ- 
ous bias power as a lower limit value of the bias power 
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(Step 1009). 

When the first result of the reproduction signal qual- 
ity detector 3504 is OK, and the second result thereof is 
NG (Step 1004 no. Step 1 005 yes), the optimum record- 
ing power determination unit 3505 stores an average 
power of the current bias power and the previous bias 
power as a lower limit value of the bias power (Step 
1009). 

When the first result of the reproduction signal qual- 
ity detector 3504 is OK, and the second result thereof is 
OK, the optimum recording power determination unit 
3505 sets a power smaller than the bias, power used 
during the second recording, and continuous recording 
and continuous reproduction of the land track and the 
groove track are performed at the set bias power, 
whereby a reproduction signal quality is detected. When 
the third result of the reproduction signal quality detec- 
tor 3504 is NG, the optimum recording power determi- 
nation unit 3505 stores an average power of the current 
bias power and the previous bias power as a tower limit 
value of the bias power. 

An upper limit, value of the bias power is obtained in 
a similar procedure to that of the lower limit value in 
accordance with each of Steps 1 01 0 to.1 01 7. More spe- 
cifically, every time the result of the reproduction signal 
quality detector 3504 is OK. the bias power is gradually 
increased. When the result of tiie reproduction signal 
quality detector 3504 becomes NG. the optimum 
recording power determination unit 3505 sitores an 
average power of the current bias power and the previ- 
ous bias power as an upper limit, value of the bias 
power. 

The optimum recording power determination unit 
3505 determines an average value of the lower limit 
value and the upper limit value, for example, as the opti- 
mum bias power (Step 1018). The recording power set- 
ting unit 3509 selects the optimum bias power when 
data is erased and recorded. 

When the lower limit value and the upper limit.yalue 
are obtained, the initial value of the bias power .for 
obtaining the upper limit value is prescribed to be higher 
than that of the. bias powder for obtaining the lower limit 
value. More specifically, by starting from the values 
close to the respective limit values, with the initial value 
of the bias power fpr obtaining the lower limit value 
being different from tiie initial value of the bias power for 
obtaining the upper limit value, a bias power is opti- 
mized in a short period of time. 

In the present ernbodiment, an average value of the 
lower limit value and the upper limit value is determined 
as an optimum bias power. However, in the case where . 
an effective power is likely to t>ecome much smaller than 
the set optimurn power in an area of the optical disk 1 in 
which user data is actually recorded, for example, due 
to the warpage of a disk, a value which diyid s the jower 
limit value and tiie upper limit value, for example, in. a 
ratio of 2:1 may be determined as the optimum pow^r. 
By determining the value which divides the fower lirnjt 



value and the upper limit value in a ratio of 2:1 as tiie 
optimum power, a tolerance for the low power side 
becomes targe. 

The reproduction signal quality detector 3504 may 

5 be designed in such a manner that it detects a 6ER at 
which a recorded signal has been reproduced, and 
does not count errors generated continuously at.a pre- 
determined time or times. Thus, even when an area witii 
a reproduction defect such as a scratch is locally 

10 present, the effect thereof can be eliminated, and an 
optimum equalizer characteristic can.be determined 
more accurately. 

Furtiiernrx)re, the reproductbn signal quality detec- 
tor 3504 is designed to detect a BER at which a 

15 recorded signal has been reproduced. However, the 
reproduction signal quality detector 3504 may detect a 
bit error rate, for example, as long as a reproduction sig- 
nal quality can be detected. 

As another example of the detection method, a 

20 method for detecting a jitter will be exemplified. Figure 
42A shows a relationship between the peak power and 
the jitter. In this figure, the abscissa represents the peak 
power^ and the ordinate represents.the jitter. Figure 42B 
shows a relationship between tiie bias power and the jit- 

25 ter. In this figure, the abscissa represents the bias 
power, and the ordinate represents the jitter. 

The jitter refers to a time shift between a. reproduc- 
tion signal and an original signal. Generally, more accu- 
rate reproduction is performed as the jitter becomes 

30 smaller, under the same recording conditions. It is 
assumed that a detection result In which the jitter 
becomes equal to or Ipwer than a threshold value is OK, 
and .a detection result in whidi the jitter exceeds a 
threshold value is NG, 

35 The jitter can be detected as an average value in a 
measurement interval, and does not change enor- 
mously even when an area with a recording defect such 
as.a scratch is locally present. Thus, the jitter can suita- 
bly be used for determining an optical power. . 

40 As another example of the detection method, a 
method for detecting resolution will be described. Figure 
43A shows a relationship betvyeen the pe;aK power and 
ttie resolution. In this figure, the abscissa represents tiie 
peak power, and the ordinate represents the resolution. 

45 Figure 438 shows a relationship between the bias 
power and the resfolution. The abscissa represents the 
bias power, and tiie ordinate represents the resolution. 

The resolution refers to a ratio between an ampli- 
tude of a reproduction signal in the shortest period and 

so an amplitude of a reproduction signal in the longest 
period, as shown in Figure 1 6. Generally, more accurate 
recording is perfprrned as the resolution becomes 
larger, under the same reproduction conditions. It is 
assumed that a detection result in which the resolution 

55 becomes equal tp or higher than a threshold value is 
OK, and a detection result in .which 4he resolution 
becomes lower tiian a tiireshold value is NG. 

The resolution can be detected as an average value 
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in a measurement inten^al, and does not change enor- 
mously even when an area with a recording defect such 
as a scratch is locally pr sent. Thus, the resolution can 
suitably be used for determining an optimum power. 

As another example of the detection method, a s 
method for detecting modulation will be described. Rg- 
ure 44A shows a relationship between the peak power 
and the modulation. In this figure, the abscissa repre- 
sents the peak power, and the ordinate represents the 
modulation. Figure 44B shows a relationship between 10 
the bias power and the modulation. The abscissa repre- 
sents the bias power, and the ordinate represents the 
modulation. 

The modulation refers to a ratio between an AC 
conponent and a DC component in a reproduction sig- is 
nal In a time interval, as shown in Figure 18. GenersUly, 
more accurate recording is performed as the modula- 
tion becomes larger, under the same reproduction con- 
ditions. It is assumed that a detection result in which the 
modulation becomes equal to or higher than a threshold 20 
value is OK, and a detection result in which the modula- 
tion becomes lower than a threshold value is NO. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defect 25 
such as a scratch is locally present Thus, the modula- 
tion can suitably be used for determining an optimum 
power. 

As another example of the detection method, a 
method for detecting symmetry will be described. Fig- 30 
ure 45A shows a relationship between the peak power 
and; the symmetry. In this figure, the abscissa repre- 
sents the peak power, and the ordinate represents the 
symmetry. Figure 45B shows a relationship between 
the bias power and the symmetry. The abscissa repre- 35 
sents the bias power, and the ordinate represents the 
symmetry. 

The symmetry refers to a value which shows a sec- 
ondary harmonic component of a reproduction signal, 
as shown in Figure 46. The symmetry occurs due to a 40 
shift of a shape of a recording mark from a desired 
shape, caused by an insufficient inBdiation power or an 
excessive inradiation power of a laser beam. Generally, 
more accurate recording is performed as the symmetry 
becomes smaller, under the same reproduction condi- 4S 
tions. It is assumed that a detection result in which an 
absolute value of the symmetry becomes equal to or 
higher than a threshold value is NG. and a detection 
result in which an absolute value of the syrfimetry 
becomes lower than a threshold value is OK. so 

The symmetry can fc>e detected as and average 
value in a measurement interval, and does riot change 
enormously even when an area with a recording defect 
such as a scratch is locally present. Thus, the symmetry 
can suitably be used for determining an optimum power, ss 

Furthermore, in the present en*bdiment, one land 
track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 



disk apparatus which performs recording, for example, 
on a block basis, a movement path of a tight spot on the 
optical disk 1 may be as described with reference to Fig- 
ure 7. 

In the case where recording is performed on a block 
basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Figure 8. 

In the case where recording is performed on a sec- 
tor basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Figure 9. 

If recording, is performed on a sector basis, an area 
to be continuously recorded and reproduced may be 
one track or less. Therefore, a waiting time for rotation 
will be shortened, compared with the case where one 
groove track and one land track are continuously 
recorded and reproduced. Furthermore, deterioration 
due to repeated recording can be delayed by a 
decrease in area which is continuously recorded at any 
onetime. 

Furthermore, in the present embodiment^ one land 
track and one groove track are, continuously recorded 
and reproduced. However, two or more land tracks and 
two or more groove tracks may be continuously 
recorded and reproduced. By continuously recording 
and reproducing two or more tracks, the variation of the 
tracks is absorbed, and an optimum power can be 
determined more accurately. 

Similarly, even in the case where recording is per- 
formed on a block basis, two or more (blocks of a land 
track and two or more blocks of a groove track may be 
contiruiously recorded and reproduced. By continuously 
recording and reprcxJucing two or more blocks of both 
the tracks, the variation of the blocks is absorbed, and 
an optimum power can be determined more accurately. 

Furthermore, if the worst value of a block detected 
by the reproductton signal quality d^ector 3504 is not 
adopted when two or more blocks are continuously 
recorded and reproduced, even when a block with a 
recording defect such as a saatch is present, the block 
can be eliminated. Thus, an optirhum power can be 
detefhntned more accurately. 

Similarly, even In the case where I'ecordihg is per- 
formed on a sector basis, two or more sectors of a land 
track and two or more sectors of a groove track rhay be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 
an optimum power can be determined more accurately. 

Furthermore, if the worst value of a sector detected 
by the reproduction signal quality detector 3504 is not 
adopted when two or itiore sectors are corrtinubusly 
recorded and reproduced, even when a sector with a 
recording defect such as a scratch is present, the sector 
can be eliminated. Thus, an optimum power can be 
determined more accurately. 

In the present Embodiment of the present invention, 
when an optimum peak power is determined, recording 
is performed by changing only a peak power under the 
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condition that a bias povwer rs fixed. However, the peak 
power and the bias power .may be changed simultane- 
ously without fixing the biaspower (e.g.. a ratio between 
the peak power and the bias power is prescribed to be 
constant). Similarly, when an optimum bias power is 5 
determined, the peak power and the bias power may be 
changed simultaneously without fixing the peak power 
(ag., a ratio between the peak power and the bias , 
power is prescribed to be constant). 

For example, in the case where a dust adheres to a 10 
lens, both a peak power and a bias power become lower 
than the presumed power. Theretbre, when an optimum 
power is determined, a peak power and a bias power 
are simultaneously changed, whereby a more practical 
optimum power can be determined. is 

A signal with a pattem different from a recording 
signal for performing the continuous recording may be 
recorded in an area to be continuously recorded before 
each continuous recording for detecting a reproduction 
signal quality. By recording such a signal with a different 20 
pattern, a previously recorded signal conrponent 
remaining in the area is made small (e.g.. the signal 
component is recorded with a power lower than that of 
the previous recording), and the previously recorded 
signal will be not reproduced erroneously even In the 2s 
case where sufficient recording has not been per- 
formed. Thus, a power can be optimized more accu- 
rately. 

Furthermore, recording may be performed in the 
area to be continuously recorded only by using a bias 30 
power before each contihuous recording for detecting a 
reproduction signal quality. By performing recording 
with only a bias power, the previously recorded signal 
component rernaining in the area is made small (e.g.. 
the signal component is recorded with a power lower 35 
than the previous recording), and the previously 
recorded signal will be not reproduced erroneously even 
in the case where suffoent recofding has not beep per- 
formed. Thus, a power can be optimized more..accur 
rately. 40 

Embodiment 7 

The seventh emtxxiiment is different from the sixth 
embodiment in the steps of obtaining the intensity of 45 
output light of a semicoriductor laser, i.e., the power of a 
laser beam. 

Rgure 47 shows a structure of a phase-change 
type optical disk apparatus in the seventh embodiment 
of the present invention. In Figure 47, reference so 
numeral 1 denotes an optical disk. 2 denotes an optical 
head. 3 denotes a reproduction system, 5174 denotes a 
land • groove reproduction signal quality detector. ,51 75 
denotes an optimum recording power determination 
unit, 5176 denotes a land ^groove continuous record- ss 
ing/reproduction unit, 5177 denotes a laser driving cir- 
cuit, 5178 denotes a track position controller, and 5179 
denotes a recording power setting unit 



The optical disk 1 is as described with reference to 
Figure 3. 

Figure 48 is a flow chart showing process steps of 
an optical disk apparatus of the present embodiment A 
procedure for obtaining a power of a laser beam will be 
described with reference to the llow chart. 

In a phase-change type optical disk apparatus, 
powers to be determined Include at least a peak power 
and a bias power. In the present embodiment first, a 
method for determining a peak power will be described, 
and a method for determining a bias power will be 
described later. 

The optical disk 1 Is loaded in an. optical disk appa- 
ratus. Predeterrnined operations such as Wentifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum irradiation power by the track position control- 
ler 5178 (Step 1101). It is assirned that this area is a 
recording area other thian a user area provided in an 
innermost track or an outermost track of the optical disk 
1 in which a user records data. 

Initial values of the peak power ar\d the bias power 
are set in tiie laser driving circuit 5177 by the recording 
power setting unit 5179 (Step 1102). At this time, a 
power for recording the land track is identical wrth a 
power for recording the groove track- 
Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recording/reproduction unit 5176 to 
the laser driving circuit 51 77 and the track position con- 
troller 51 78, whereby recording is performed by the opti- 
cal head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed 
as a light spot on the optical disk.1 , whereby a recording 
mark is formed in accordance with a waveform of enrvt- 
ted light (Step 1103). 

After the cpntinupus recording of the land track arxj 
the groove track is cornpleted, output-light from the sem- 
iconductor laser of the optical head, 2 is emitted at a 
reproduction power. A signal for rantiriuqusly reproduc- 
ing one land track and one grooy9 track previously 
recorded is transmitted fronri the land * groove continu- 
ous recording/reproduction unit 5176 to tiie track posi- 
tion controller 5178, and a signal 5180 whldi is varied 
depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 5180 is subjected to reproduction 
signal processing siuch as amplification, waveform 
equalization, and dig'rtization at the reproduction system 
3, and a signal 5181 is input to the land • grooye repro- 
duction signal quality detector 5174 (Step 1103). 

The land f groove reproduction signal quality detec- 
tor 5174 detects a signal quality of tiie signal 5181 for 
the land track and tiie grooye track, separately, and a 
detection result of the reproduction signal quality is 
input to the optimum recording ppvyer deterrnination unit 
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5175 (Step 1104). 

The land - groove reproduction signal quality detec- 
tor 5174 detects, for example, a BER at which the 
recorded signal has been reproduced. 

For example, when BERs are OK for both the land s 
track and the groove track, as a detection result of the 
reproduction signal quality detector 5174 (Step 1105 
no), the optimum recording power determination unit 
5175 sets a peak power at which BERs become OK for 
both the land track and the groove track as an initial io 
power (Step 1106). While the peak power is gradually 
decreased, continuous recording and continuous repro- 
duction of the land track and the groove track are per- ' 
formed at each time, and results of the land • groove 
reproduction signal quality detector 51 74 at the respec- is 
trve peak powers are stored. When BERs become NQ 
for both the land track and the groove track (Step 1 105 
yes), an average power of a minimum peak power at 
which the BER is OK and a maximum peak power at 
which the BER is NG is obtained for the land track and 20 
the groove track, respectively, (Step 1107). arid each 
power obtained by adding a certain margin to these 
average powers is determined as each optimum peak 
power (Step 1108). 

In the present embodiment, a movement path of a 2S 
light spot on the optical disk 1 is similar to that of the first 
embodiment, which has been described with reference 
toRgureS. 

In the present embodiment, recording and repro- 
duction of the land track and the groove track are contin- 30 
uously performed. Therefore, it takes less time, 
compared with the case where optimum powers are 
obtained for the land track and the groove track, sepa- 
rately 

For example, when a land track is recorded once 35 
and a groove track is recorded once in order to obtain 
an optimum power, in the case where the land track and 
the groove track are continuously recorded and repro- 
duced as in the present errtoddiment, a time corre- 
sponding to 5 rotations in total is required (i.e., 2 40 
rotations for recording, one rotation for waiting for repro- 
duction, and 2 rotations for reproductton). 

On the other hand, in the case where optimum pow- 
ers are obtained for a land track and a groove tracK 
separately, a time corresponding to 3 rotations in total is 45 
required for the land track (i.e., one rotation for record- 
ing, one rotation for waiting for reproduction, and one 
rotation for reproduction). Furthermore, the same 
amount of time is required for the groove track. Thus, a 
time corresponding to 6 rotations in total is required. so 

Assuming that the land track and thia groove track 
are recorded at 4 kinds of powers so as to obtain an 
optimum power, a time con-esponding to 20 (5 x 4) rota- 
tions is required in the present embodiment, whereas a 
time con-esponding to 24 (6 x 4) rotations is required in 55 
the conventional apparatus. Thus, a wailing time for 
rotation is shortened in the present embddimenit. 

As described above, in the optical disk apparatus of 



the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum power, 
whereby an optimum power for recording a user area 
can be determined in a short period of time, shortening 
a waiting time for rotation. 

Next, a procedure for determining a bias power will 
be described. A bias power has a narrower margin of 
power at which user data can be recorded, compared 
witii a peak power. For example, a margin of the peak 
power is about 6 mW (9 m W to 1 5 mW). whereas a mar- 
gin of the bias power is about 3 mW (3 mW to 6 mW). 

In the present embodiment, in order to obtain an 
optimum value of a bias power, a lower limit value and 
an upper limit value of a bias power at which user data 
can be recorded is obtained, and thereafter, an optimum 
value between the lower limit value and the upper limit 
value is obtained by computation. 

A procedure for obtaining a bias power will be 
described with reference to a flow chart shown in Figure 
49. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 
disk type and a rotation corrtrol are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum inradiation power by the track position control- 
ler 5178 (Step 1201). 

Initial values of the peak power and the bias power 
are set in the laser driving circuit 5177 by the recording 
power setting unit 5179. for example, for obtaining a 
lower limit value of the bias power (Step 1202). At this 
time, a power for recording the land track is identical 
with a power for recording the groove track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land • 
groove continuous recordirig/reproductibn unit 5176 to 
the laser driving circuit 5177 and the track position con- 
troller 5178. whereby recording is performed by the opti- 
cal head 2. At this time, output light from the 
semkx>nductor laser of the optical head 2 is condensed 
as a light spot on the optical disk 1 , whereby a recording 
mark is formed in accordance with a waveform of emit- 
ted light (Step 1203). 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is emitted at a 
reproduction power. A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land • groove continu- 
ous recording/reproduction unit 5176 to the track posi- 
tion dontroller 5178, and a signal 5180 which is varied 
depending upon the presence of the recording mark oh 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 5180 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
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3. and a signal 5181 is input to the land • groove repro* 
duction signal quality detector 5174 (Step 1203). 

The land • groove reproduction signal quality detec- 
tor 5174 detects a signal quality of the signal 5181. and 
a detection result oi the reproduction signal quality is 
input to the optimum recording povyer determination unit 
5175 (Step 12CM). 

The land • groove reproduction signal quality detec- 
tor 5174 detects, for example, a BER at which the 
recorded signal has been reproduced. 

For example, when BERs are OK for both the land 
track and the groove tracK as a detection result of the 
reproduction signal quality detector 5174 (Step 1205 
no), the optimum recording power determination unit 
5175 sets a bias power at which BERs become OK for 
both the land track, and the groove track as an initial 
power (Step 1206). While the bias power is gradually 
decreased, continuous recording and continuous repro- 
duction of the land track and the groove track are per- 
formed at each time, and results of the land -groove 
reproduction signal quality detector 5174 at the respec- 
tive bias powers are stored. When BERs become NG 
for both the land track and the groove track (Step 1205 
yes), an average power of a rninimum bias power at 
which the BER is OK and a nnaximum bias power at 
which the BER is NG is obtained for the land track and 
the groove tracK respectively, ard determined as a 
lower limit value of the bias power (Step 1207). : 

An upper limit value is obtained in a similar proce-r 
dure to that of the lowervlimit value in accordance with 
each of Steps 1208 to 1213. More specifically, a bias 
power at which BERs become OK for both the land track 
and the groove track is set as an initial bias power. 
While the bias power is gradually increased, the contin- 
uous recording, and reproduction of the land track and 
the groove track are perfbrrned at each time. When the 
result of the land * groove reproduction signal quality 
detector 5174 becomes NG for both the land track and 
the groove track, an average bias power of a bias power 
at which the BER is OK and a maximum bias power at 
which the BER is NG is obtained for the land track and 
the groove track, respectively, arid each ayerage bias 
power is stored as an upper limit value of the average 
bias power. 

The optimum recording power determination unit 
5175 determines an average value of the lower lirnit 
value and the upper linriit value, for example, as the opti- 
mum bias power (Step 1214). 

When the lower lirrut value and the upper limit value 
are obtained, the initial value of the bias power for 
obtaining the upper limit value is prescribed to be higher 
than that of the bias power for obtaining the lower limit 
value. More specifically, by starting from the values 
close to the respective limit values, witii the initial value 
of the bias power for obtaining the lower limit value 
being different from the initial value of the bias power for 
obtaining the upper lirnit value, a bias power is opti- 
mized in a short peiripd of time. 



. In the present embodiment, an average value of the 
lower limit value and the upper limit value is determined 
as an optimum bias power. However, in the case where 
an effective power is likely to become much smaller than 

5 tiie set optimum power In an area-of the optical disk 1 in 
which user data is actually .recordedi^for example, due 
tp the warpage of a disk, a value which divides the lower 
limit value and tiie upper limit value, for example, in a 
ratio of 2:1 may be determined as the optimum pqwer. 

10 By determining tiie value which divides the lower liniit 
value and the upper linut value. in a ratip pf 2:1 as the 
optimum power, a tolerance for the low power side 
becomes large. 

The land • groove reproduction signal quality detec- 

15 tor 5174 may be designed in such a manner that it 
detects a BER at which a recorded signal has been 
reproduced, and does not count errors generated con- 
tinuously at a predetermined time or times. Thus, even 
when an area with a recording defect such as a scratch 

20 is locally present, the effect thereof can be eliminated, 
and an optimum power can be determined more accu- 
rately. 

Furthermore, the land • groove reproduction signal 
quality detector 5174 is designed to detect a BER at 
25 which a recorded signal has been reproduced. How- 
ever, the land • groove reproduction signal quality detec- 
^ tor 51 74 may detect a bit error rate, for example, as long 
as a reproduction signal quality can be detected. 

Furthernrore, in the present embodiment, one land 
30 track and one groove track are continuously recorded 
and continuously reproduced. However, in an optical 
disk apparatus which performs recording, for example, 
on a block basis, a movemerit patii of:a light spot on the 
optical disk 1 may be as described with reference to Fig- 
35 ure 7. 

In the case where recording is performed on a block 
t>asis. a movement path of a light spot: on the optical 
disk 1 may be as described with reference to Figure 8. 

Jn the case where repording is performed on a sec- 

40 tor basis, a movement path of a light spot on the optical 
disk 1 may be as described with reference to Figure 9. 

If recording, and reproduction are performed on. a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a wait- 

45 ing time for rotation will be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded arid reproduced. Furthermore, 
deterioration due to repeated recording can be delayed 
; by a decrease in area whichris continuously recorded ,at 

so any one time. 

Furthermore, in the present embodiment one land 
track and one groove track are corrtinuously recorded 
arxJ reproduced. However, two or more land tracks and 
tyo or more groove tracks may be continuously 

55 recorded and reproduced. By continuously recording 
6uxl reproducing two or more tracks, the variation of the 
tracks is absorbed, and an optimum povyer can be 
deterrriined more accurately. 
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Similarly, even in the case where recording Is per- 
formed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded sind reproduced. By continuously 
recording and reproducing two. or more blocks of both 5 
the tracks, the variation of the blocks is absorbed, and 
an optimum power can be determined more accurately. 

Furthermore, if the worst value of a block detected 
by the land • groove reproduction signal quality detector 
5174 is not adopted when two or more blocks are con- 10 
tinuously recorded and reproduced, even when a block 
with a recording defect such as a scratch Is present, the 
block can be eliminated. Thus, an optimum power can 
be determined more accurately. 

Similarly, even in the case where recording is per- is 
formed on a sector fc^asis, two or more sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 20 
an optimum power can be determined more accurately. 

Furthermore, if the worst value of a sector detected 
by the land • groove reproduction signal quality detector 
5174 is not adopted when two or more sectors are con- 
tinuously recorded and reproduced, even when a sector ss 
with a recording defect such as a scratch is present the 
sector can be eliminated. ThuSii an optimum power can 
be determined more accurately. 

In the present embodiment of the present invention, 
when an optimum peak power is determined^ recording 30 
is performed by changing only a peak power under the 
condition that a bias power is fixed. However, the peak 
power and the bias power may be changed simultane- 
ously without fixing the bias power (e.g. , a ratio between 
the peak power and the bias power is prescribed to be 35 
constant). Similarly, when an optimum bias power is 
determined, the peak power and the bias power may be 
changed simultaneously without fixing the peak power 
(e.g., a ratio between the peak power and the bias 
power is prescribed to be constant). 40 

For example, in the case where dust adheres to a 
lens, botii a peak power and a bias power become lower 
than the presumed power. Therefore, when an optimum 
power is determined, a peak power and a bias power 
are simultaneously changed, whereby a more practical 45 
optimum power can be' determined. 

A signal with a pattern different from a recording 
signal for performing the continuous recording may be 
recorded in an area to be continuously riecorded before 
each continuous recording for detecting a reproduction so 
signal quality. By recording such a signal with a different 
pattern, a previously recorded signal component 
remaining in the area is made small (e.g., the signal 
component is recorded with a power lower than that of 
the previous recording), and the previously recbrdied ss 
signal will t>e not reprbdtjced erroneously even in the 
case where sufficient recording has not been per- 
formed. Thus, a power can be optimized more accu- 



rately 

Furthermore, recording may be performed in the 
areia to be continuously recorded only by using a bias 
power before each continuous recording for detecting a 
reproduction signal quality. By performing recording 
with only a bias power, the previously recorded signal 
component remaining in the area is made small (e.g., 
the signal component is recorded with a power lower 
than the previous recording), and the previously 
recorded signal will be not reproduced erroneously even 
in the case where sufficient recording has not been per- 
formed. Thus, a power can be optimized, more accu- 
rately. 

Embodiment 8 

In the eighth embodiment, a peak power and a bias 
power are obtained for a groove track and a land track, 
separately. 

Rgure 50 shows a structure of a phase-change 
type optical disk apparatus in the eighth embodiment of 
the present invention. In Figure 50, reference numeral 1 
denotes an optical disk, 2 denotes an optical head. 3 
denotes a reproduction system. 5404 denotes a land* 
groove reproduction signal quality detector, 5405 
denotes a land • groove optimum recording power diBter- 
mination unit. 5406 denotes a land • groove continuous 
recording/reproduction unit. 5407'dehotes a laser driv- 
ing circuit, 5408 denotes a track pdsitibn controller, and 
5409 denotes a land * groove recording power setting 
unit. 

The optical disk 1 is as described with reference to^ 
Rgure 3. 

In a phase-change type optical disk apparatus, 
powers to be determined include at least a peak power 
and a bias power. In the presient embodirnent. first, a 
method for determining a peak power will be described, 
and a metiiod for determining a bias power will be 
described later. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predeternnlned operations such as identifying a 
disk type and a rotation control are pierformed. Thereaf- 
ter, the optical head 2 is moved to an areai for setting an 
optimum irradiation power by the track position control- 
ler 5408. It is assumed that this area is a recording area 
otiier than a user area provided in an innermost track or 
an outermost track of the optical disk 1 In which a user 
records data. 

Initial values of the peak power and the bias power 
are set in the laser driving circuit 5407 by the land * 
' groove recording power settirtg unit 5409. At this time, a 
power for recording the land track is identical with a 
power for recordihig tiie groove track. 

Subsequently, a control signal for continuously 
recording one land track and one grbovie track from a 
predetermined position is transmitted from the land* 
groove continuous recording/reproduction unit 5406 to 
the laser driving circuit 5407 and the track position con- 
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troller 5408, whereby recording is performed by thaopti- 
cal head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed 
as a light spot on the optical disk 1 . whereby a recording 
mark is formed in accordance/with a waveform of emit- 
ted light. 

After the continuous recording of the lard track and 
the groove track Is completed, output light from the sem- 
iconductor laser , of the optical head 2 is emitted at a 
reproduction power A signal for continuously reproduc- 
ing one land track .and one groove track previously 
recorded is transmitted from the land f groove continu- 
ous recording/reproduction .unit 5406 to »the track posi- 
tion controller 5408. and a signal 5410 which is varied 
depending upon the presence of the recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 5410 is subjected to reproduction 
signal processing such as amplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 5411 is input to the iand • groove repro^ 
duction signal quality, detector 5404. 

The land • groove reproduction signal quality detec- 
tor 5404 detects a signal qual'rty of the signal 541 1 for 
the land track and the groove track, separately, and a 
detection result of the reproduction signal quality is 
input to the land groove optimum recording^ power 
determination^unit 5405. 

The land tgroove reproduction signal quality detec- 
tor 5404 detects, for ,example, a BER at which. the 
recorded signal has been reproduced. 

Based on the detection result of the land • groove 
reproduction signal quality detector 5404^: each of Steps 
903 to 909 in the f tow chart of Figure:39 is performed for. 
the land track and the groove track, s^arately. and 
each peak power is set. 

For exanple. when, the first result :of the land* 
groove reproduction signalquality detector 5404 is NG 
for the land track arid^OKufpr the grpove tracK^ t^^^ 
power of theJand trad^ is increased, a^nd the peak 
power of the groove track is decreased. Therefore, dur- 
ing the second continuous recording and reproduction, 
the peak power, for the larid track beconi^ higher than- 
the peak power for the groove track. 

When the second result of tfie land t groove repro- 
duction signal quality detector 5404 is OK for the land 
track and NQ for the groove track, the jand;* groove opti- 
mum recording power deterrriination unit 5405 deter- 
mines a power obtained by adding a certain margin to 
an average power of the current power and the previous 
power as an optimum peak power for the land track and 
the groove track. 

When the second result of the [arid • groove repro- 
duction signal quality detector 5404 is OK for the land 
track and OK fpr the groove track, the land • groove opti- 
mum recording poyKer determinatipn unit 5405 deter- 
mines a power obtained by adding a certain margin to 
an average power of the current peak power and the 
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previous peak power, at which the land track has been 
recorded as an optimum power of :v the land track. 
Regarding the groove tracK a power lower than the 
peak power used duririg the second recording, and the 

5 groove track is recorded usjng- this -power; thereby, 
detecting a reproduction signal quality. 

When the third result of the land r groove reproduc- 
tion signal quality detector 5404 is NG for the groove 
track, the land * groove optimum recording power deter- 

10 .mination unit 5405. determines a power obtained by 
adding a certain margin to an average power of the cur- 
rent power and the previous power as an optimum peak 
power of the groove track. 

In the present embodiment, a movement path of a 

15 light spot on the optical disk 1 is similcv to that of the first 
embodiment, which has been described with reference 
to Figure 3. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain 

20 an optimum power, in the case where the land track and 
the groove track are, continuously recorded and repro- 
duced, as in the. present embodiment, a time corre- 
sponding to 5 rotations' in total is required (i.e., 2. 
rotations for recording, one rotation for waiting, for repro- 

25 duction, and 2 rotations for reproduction). 

On the other hand; in the case where optimum pow- 
ers are obtained for a land track and a groove track, 
separately, in a conventional apparatus., a time corre- 
. spending to 3 rotations in total is required for the land 

30 track (i.e., one rotation for recording, one rotation for 
waiting for reproduction, and one rotation for reproduc- 
tion). Furthermore..the samei amount of time is required 
.for the groove track..^Thus, .a time corr^ponding to 6 
rotations in total is required.: 3 

35 Assuming that the land track and the groove track 
are recorded at 4 levels of powers so as to obtain an 
optimum power, a time corresponding to. 20 (5 x 4) rota- 
tions |s required in the present- embodiment, whereas a 
time cprresporiding to 2^^ rotations is requlred in 

40 the conventional apparatus. Thus, a waiting time for 
rotation is shortened in the present ernt>odiment. 

As described above, in the optical disk apparatus of 
the present embodinrient, a land track and a groove 
track are continuously recorded and reproduced prior to 

45 recording of data so as to determine an optimum power, 
wtiereby an optimum power for recording a user area 
^ can be determined in a short period of time, shortening 
a waiting time for rotation. 

Next, a procedure for determining a bias power will 

50 be described. A bias power has a narrower margin of 
power at which user data can be recorded, compared 
with a peak power. For example, a margin of the peak 
power is about 6 rnW (9 myv to 15,mW). whereas a mar^ 
gin of the bias power is about 3 mW (3 mW to6 mW). 

55. In tiie present, ernbodiment. in order to obtain an 
optimum value of a bias power, a ioyver limit value and 
an upper limit value of a bias power at -which user data 
can be recorded is obtained, and thereafter, an optimum 
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value between the lower limit value and the tpper limit 
value is obtained by computation. 

Rrst. initial values of the peak power and the bias 
power are set in the laser driving circuit 5407 by the land- 
• groove recording power setting unit 5409, for example, 
for the purpose of obtaining a lower limit value of the 
bias power. At this time, a power for recording the land 
track is identical with a power for recording the groove 
track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the land* 
groove continuous recordlng/reproductbn unit 5406 to 
the laser driving circuit 5407 and the track position con- 
troller 5408, whereby recording is performed by the opti- 
cal head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed 
as a light spot on the optical disk 1 , whereby a recording 
mark is formed in accordance with a waveform of emit- 
ted light. 

After the continuous recording of the land track and 
the groove track is completed, output light from the sem- 
iconductor laser of the optical head 2 is emitted at a 
reproduction power A signal for continuously reproduc- 
ing one land track and one groove track previously 
recorded is transmitted from the land* groove continu- 
ous recording/reproduction unit 5406 to tiie track posi- 
tion controller 5408. and a signal 5410 which is varied 
depending upon the presence of tiie recording mark on 
the optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 5410 is subjected to reproduction 
signal processing such as amplification; waveform 
equalization, and digitization at the reproduction system 
3, and a signal 541 1 is input to the land • groove repro- 
duction signal quality detector 5404. 

The land • groove reproduction signal quality detec- 
tor 5404 detects a signal quality of the signal 5411 for 
the land track and the groove track, separately, and a 
detection result of the reproduction signal quality is 
input to the land* groove optimum recording power 
determination unit 5405. 

The larxi • groove reproduction signal quality detec- 
tor 5404 detects, for example, a BER at which the 
recorded signal has been reproduced. 

Based on the detection result of the land* groove 
reproduction signal quality detector 5404, each of Steps 
1 003 to 1 009 In the f bw chart of Figure 41 is performed 
for the land track and the groove tracks separately,' and 
each bias power is set again. 

For exanrple, when the first result of the land* 
groove reproduction signal quality detector 5404 is NG 
for the land track and OK for the groove track, the bias 
power of the land track is increased, and the bias power 
of tiie groove track Is decreased. Therefoi-e; during the 
second continuous rebording, the bias power for record- 
ing the land track biecomes higher than the bias power 
for recording the groove track. 



When tine second result of the land •groove repro- 
duction signal quai'ity detector 5404 is OK for the land 
track and NG for the groove track; the land • groove opti- 
mum recording power determination unit 5405 stores an 

5 average bias power of the current bias power and the 
previous bias power as a lower limit value of the bias 
power of the land track and the gropve track. 

When tiie second result of tiie land * groove repro- 
duction signal quality^ detector 5404 is OK for the land 

10 track and OK for the groove tracK tiie land • groove opti- 
mum recording power determination unit 5405 stores an 
average power of tiie current bias power and the previ- 
ous bias power at which the land track has been 
recorded as a lower limit value of the bias power of the 

75 land track. Regarding the groove tracK a bias power 
lower than the bias power used during the second 
recording is set. and the groove track is recorded using 
this power, thereby detecting a reproduction signal qual- 
ity 

20 When the third result of the land • groove reproduc- 
tion signal quality detector 5404 is NQ for tiie groove 
track, the land * groove optimum recording power deter- 
mination unit 5405 stores an average power of tiie cur- 
rent bias power and the previous bias power as a lower 

25 limit value of the bias power of the groove track. 

Regarding the upper limit value, each of Steps 
1 01 0 to 1 01 7 in the flow chart of Figure 41 is performed 
for the land track and the groove tracK sep>arately. and 
an upper limit value of the bias power of the land track is 

30 obtained to be stored, and an upper limit value of tiie 
bias power of the groove track is obtained to be stored. 

The land ' groove optimum recording power deter- 
mihation unit 5405 determines qx\ average value of the 
lower limit value and the upper limit value, for example, 

35 as the optimum bias power for the land track and the 
groove track, separately 

When the lower limit value and the upper limit value 
are obtained, the iriitial value of the bias power for 
obtaining tiie upper limit value may be prescribed to be 

40 higher than that of the bias power for obtaining the lower 
limit value. More specifically, by stairting from the values 
dose to the respective limit values, with the initial value 
of the bias power for obtaining the lower limit value 
being different from the initial value of the bias power for 

45 obtaining tiie upper limit value, a bias power is opti- 
mized in a short peiridd of time. 

In the present embodiment, an average value of the 
lower limit value arid the upper limit value is determined 
as an optimum bias power. However, in the case where 

so an effective p>ower is likely to becohie much srnallertiian 
the set optimum power in an area of the optical disk 1 in 
which user data is actually recorded, for example, due 
to the warpage of a disk, a value which divides the lo\A/er 
limit value and the upper limit value, for example, in a 

55 ratio of 2:1 may be determined as the optimum power. 
By determining tiie Value which divides the lower lirhit 
value and the upper limit value in a ratio of 2:1 as the 
optimum power, a tolerance for the low power side 
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becomes large. 

The land - groove reproduction signal quality detec- 
tor 5404 may be designed in such a manner that it 
detects a BER at which a recorded signal has been 
reproduced, and does not count errors generated con- 5 
tinuously at a predetermined time or times. Thus, even 
when an area with a recording defect such as a scratch 
Is locally present the effect thereof can be eliminated, 
and an optimum power can be determined more accu- 
rately 10 

Furthermore, the land • groove reproduction signal 
quality detector 5404 is designed to detect a BER at 
which a recorded signal has been reproduced. How- 
ever, the land • groove reproduction signal quality detec- 
tor 5404 may detect a bit error rate, for example, as long is 
as a reproduction signal quality can be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded 
and continuously r^oduced. However, In an optical 
disk apparatus which performs recording, for example, so 
on a block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to Fig- 
ure 7. 

In the case where recording is performed on a block 
basis, a movement path of a light spot on the optical 2S 
disk 1 may be as described with reference to Figure 8. 

In the case where recording is performed on a sec- 
tor t>asis, a movement path of a light spot on the optical 
disk 1 may be as descrtoed with reference to Figure 9. 

If recording and reproduction are performed on a 30 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less, a waiting time for 
rotation can be shortened, compared with the case 
where one groove track and one land track are continu- 
ously recorded and reproduced. Furthermore, deterio- 35 
ration due to repeated recording can be delayed by a 
decrease in area which is continuously recorded at any 
one time. 

The followingmay be possible: when recording is 
performed on a sector basis, continuous recording of 40 
the land track and the groove track is performed while a 
peak power is gradually decreased, for example, on a 
sector basis: during the subsequent reproduction, a 
reproduction signal quality of each sector of the land 
track and the groove track is detected; and a power 45 
obtained by adding a certain margin to an average 
power of the powers immediately before and after the 
detection result is changed from OK to NG is deter- 
mined as an optimum peak power for the land track and 
the groove track, respectively. so 

Similarly, regarding determination of a bias ppw^r, 
the following may be possible: a land track and a groove 
track are continuously recorded while a t>ias power is 
gradually increased from a low level on a sector basis: 
during the subsequent reproduction, a reproduction sig- ss 
nal quality of each sector of the lard track and the 
groove track is detected; and with an average power of 
the powers immediately before and after the detection 



result is changed from NG to OK being a lower limit 
value of the bias power and an average power of the 
powers immediately before and after the detection 
result is changed from OK to NG being an upper limit 
value of the bias power, an average power of the lower 
limit value and the upper limit value Is determined as an 
optimum bias power. 

As described above, continuous recording and 
reproduction are performed while a recording power is 
being changed on a sector basis. Consequently, repro- 
duction signal quality results at a plurality of recording 
powers are obtained for the land track and the groove 
track, respectively, during one continuous recording of 
the land track and the groove track. This is more effi- 
cient, and enables deterioration due to repeated record- 
ing to be delayed by a decrease in area which is 
recorded for determining an optimum power. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded 
and reproduced. However, two or more land tracks and 
two or more groove tracks may be continuously 
recorded and reproduced. By continuously recording 
and reproducing two or more tracks, the variation of the 
tracks is absorbed, and an optimum power can be 
determined more accurately. 

Similarly, even in the case where recording is per- 
formed on a block basis, tvyo or more blocks of a land 
track and two or nnore blocks of a groove track may be 
continuously recorded ard reproduced. By continuously 
recording and reproducing two or more blocks of both 
the tracks, the variation of the blocks is afc^rbed, and 
an optimum power can be determined more accurately. 

Furthermore, if the worst value of a block detected 
by the land • groove reproduction signal quality detector 
5404 is not adopted when two or more blocks are con- 
tinuously recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum power can 
be determined more accurately. 

Similarly, even in the case where recording is per- 
formed on a sector basis, two or more sectors of a land 
track and two or more sectors of a groove track may be 
continuously recorded and reproduced. Qy continuously 
recording and reproducing two or more sectors of both 
the tracks, the variation of the sectors is absorbed, and 
an optimum power can be deterrnined more accurately. 

Furthermore, if the worst value of a sector detected 
by the land - groove reproduction signal quality detector 
5404 is not adopted when two or more sectors are con- 
tinuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum power can 
be determined more accurately. 

In the present embodiment of the present invention, 
when an optimum peak power is determined, recording 
is performed by changing only a peak power under the 
condition that a bias power is fixed. However, the peak 
power and the bias power may be changed simultane- 
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ously without fixing the bias power (e.g.. a ratio between 
the peak power and the bias power is prescribed to be 
constant). Similarly, when an optimum bias power is 
determined, the peak power and the bias power may be 
changed simultaneously without fixing the peak power 5 
(e.g., a ratio between the peak power and the bias 
power is prescribed to be constant). 

For example, in the case where dust adheres to a 
lens. tK>th a peak power and a bias power become lower 
than the presumed power. Therefore, when an optimum 10 
power is determined, a peak power and a bias power 
are simultaneously changed, whereby a more practical 
optimum power can be determined. 

A signal with a pattern different from a recording 
signal for performing the continuous recording may be is 
recorded in an area to be continuously recorded before 
each continuous recording for detecting a reproduction 
signal quality. By recording such a signal with a different 
pattern, a previously recorded signal conponent 
remaining in the area is made small (e.g., the signal 20 
component is recorded with a power lower than that of 
the previous recording), and the previously recorded 
signal will be not reproduced erroneously even in the 
case where sufficient recording has not been per- 
formed. Thus, a power can be optimized more accu- 25 
rately. 

Furthermore, recording may be performed in the 
area to be continuously recorded only by using a bias 
power before each continuous recording for detecting a 
reproduction signal quality. By performing recording 30 
with only a bias power, the previously recorded signal 
component remaining in the area is made small (e.g., 
the signal component is recorded with a power lower 
than the previous recording), and the previously 
recorded signal will be not reproduced erroneously even 35 
in the case where suff tcieht recording has not been per- 
formed. Thus, a power can be optimized more accu- 
rately. 

In the sixth to eighth embodiments, prior to setting 
the optimum pecik power and the optimum bias power, 40 
the optical head 2 is moved to a predetermined area. 
This area is an outermost area 1a of the optical disk 1 , 
for example, as shown in Figure 22A. However, when 
the optical disk 1 is warped or when the optical disk 1 is 
not properly placed in an apparatus, the optimum peak 4S 
power and the optihium bias power obtained in the out- 
ermost area la of the optical disk 1 are not necessarily 
optimum for an inner track portion of the optical disk 1 . 
More specif k^ally, the optimum peak power and the opti- 
mum bias power may be different between the outer so 
track portion and the imer track portion of the optical 
disk 1. Therefore, in a plurality of places on the optical 
disk 1 (e.g.. in an outermost track and an innermost 
track of the optical disk 1 ). an optimum peak power and 
an optimum bias power are obtained, and a supplemen- 55 
tary curve connecting the optimum power points in the 
outermost track and in the innermost track as shown in 
Figure 22D is formed for the optimum peak power and 



the optimum bias power, separately When the optical 
disk 1 is recorded and reproduced, an optimum peak 
power and an optimum bias power may be set, respec- 
tively, in accordance with a recording position and a 
reproduction position of tiie optical disk 1 based on the 
supplementary curve connecting the optimum power 
points in the outermost track and the innermost track. 

Embodiments 

In the ninth embodiment an equalizer characteris- 
tic which is common in a land track and a groove track 
of an optical disk is set. 

Rgure 51 shows a structure of an optical disk appa- 
ratus in the ninth embodiment of the present invention. 
In Rgure 51, reference numeral 1 denotes an optical 
disk, 2 denotes an optical head, 3 denotes a reproduc- 
tion system. 5504 denotes a reproduction signal quality 
detector, 5505 denotes an optimum equalizer charac- 
teristic determination unit, 5506 denotes a land • groove 
continuous recording/reproduction unit. 5507 denotes a 
laser driving circuit. 5508 denotes a track position con- 
troller, and 5509 denotes an equalizer characteristic 
setting unit 

The optical disk 1 is as described with reference to 
Rgure 3. 

Rgure 52A is a graph showing a frequency charac- 
teristic of a reproduction signal obtained by reproducing 
the optical disk 1 . As is apparent from this graph, as the 
fi^equency of a reproduction signal increases, the level 
of the reproduction signal decreases. The level of the 
reproduction signal reaches zero at a limit frequency f q. 
The frequency of the reproduction signal depends upon 
the length of a mark recorded on the optical disk 1 . As a 
mark becomes shorter, the frequency increases. More 
spectficaify, as the mark becomes shorter, the fre- 
quency of the reproduction signal increases, which 
makes it difficult to obtain a reproduction signal. 
— Therefore, the reproduction system 3 includes an 
equalizer having a characteristic as shown in a graph of 
Figure 52B. By appropriately setting the characteristic 
of the equalizer, a decrease in the level of a reproduc- 
tion signal at a high frequency is compensated by the 
equalizer, and thereafter, the reproduction signal is 
processed. 

Rgure 53 is a f bw chart showing process steps of 
an optical disk apparatus of the present embodiment. A 
procedure for obtaining an equalizer characteristic of 
the reproduction system 3 will be described with refer- 
ence to this flow chart. 

As the equalizer characteristic of the reproduction 
system 3, the boost amount of the reproduction signal at 
a limit frequency f c of the reproduction signal as shown 
in Figures 52A and 52B is obtained. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
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optimum equalizer characteristic by the track position 
controller 5508 (Step 1301). It is assumed that this area 
is a recording area other than a user area provided in an 
innermost track or an outermost track of the optical disk 

1 in which a user records data. 

Initial values of the boost amount and the frequency 
at which the boost ampunt becomes maximum are set 
in the equalizer of the reproduction system 3 by the 
equalizer characteristic setting unit 5509 (Step 1302). 
At this time, an equalizer characteristic for rieproducing 
the land track is identical with an equalizer characteris- 
tic tor reproducing the groove track. 

Subsequently, a control signal for continuously 
reproducing one land track arxi one groove track from a 
predetermined position is transmitted from the land * 
groove continuous reproduction unit 5506 to the track 
position contrpller 5508, whereby reproduction Is per- 
formed by the optical head 2 and a signal 5510 which is 
varied depending upon the presence of the recording 
mark on the optical disk 1 is input from the optical head 

2 to the reproduction system 3 as a reproduction signal. 
The reproduction signal 5510 is. subjected to reproduc- 
tion signal processing such as arhplification, waveform 
equalization, and digitization at the reproduction system 
3, and a signal 5511 is input to the reproduction signal 
quality detector 5504 (Step 1303). 

The reproduction V. signal quality detector 5504 
detects a signal quafity of ttie signal 5511 . and a detec- 
tion result of the reproduction signal quality is input to 
the optimum equalizer characteristic determination unit 
5405. When the length of the reproduced land track is 
equal to or almost equal to tiiat of the reproduced 
groove track, a reproduction signal quality detection 
result is an average reproduction signal quality result of 
the land track and the groove track. In other words, the 
reproduction signal quality detection result is an aver- 
age reproduction signal quality result of the; optical disk 
1 when reproduction is performed with the equalizer 
characteristic (Step -1304). 

The reproduction signal quality detector 5404 
detects, for example, a BEI^ at which the recorded sig- 
nal has been reproduced. Figure 54A shows a relation- 
ship between the boost arnpunt and the BER. 

In Figure 54A, the absdssa represents the boost 
amount, and the ordinate represents the BER. In gen- 
eral, under the same recorxiing coriditipns, more accu- 
rate recording and reproduction are performed vyith a 
smaller BER. It is assumed that a detection result in 
which the BER becomes a threshold value or less is 
OK, and a detection result in which the BER exceeds 
the threshold value is NG. 

In the present embodiment, in order to obtain an 
optimum value of a boost ampunt, a lower limit value 
and an upper limit value of the boost ampunt which ena- 
bles user data to be reproduced are obtained, and 
thereafter, an optirnum value between the loyyer limit 
value and the upp;er lirriit ya|ue is obtained by computa- 
tion. 



For example, when BERs are OK for both the land 
track and the groove tracK as a detectiori result of the 
reproduction signal quality detector 5504 (Step 1305 
no), the optimum equalizer characteristic determination 

5 unit 5505 sets a boost amount at which BERs become 
OK for botii the iand track.arid the groove track as an ini- 
tial boost amount (Step 1306). yvhile the boost amount 
is gradually decreased, cprninuqus reproduction of the 
land track and the groove track are performed at each 

10 time, and results of the reproduction s;ignal quality 
detector 5504 at tiie respective^ boost amounts are 
stored. When BERs become NG for both the land track 
and the groove track (Step 1305 yes), an average boost 
arnount of a minimum boost arnpunt at which the BER is 

15 ok and a boost arnount at which the BER Is NG is 
stored as a lower limit value of the boost arnount (Step 
1307). 

An upper limit value is obtained in a similar proce- 
dure to that of the lower limit value in accordance with 

20 each of Steps 1308 to 1 314. More specifically, the opti- 
mum equalizer characteristic deternnination unit 5505 
sets a boost amount at which BERs. become OK for 
both the land track and the groove track as an initial 
boost amount (Step 1308). .While the boost amount is 

25 gradually increased, continuous reproduction of the 
land t^ack and the groove track is performed at each 
time When BERs become NG for botii the land track 
and the groove track.as a result of the reproduction sig- 
nal quality detector 5504 (Step 1311 yes), an average 

30 boost amount of a maximum boost arnount at which the 
BER is OK and a boost amount at which ttie BER is NG 
is obtained for the land track arKi the groove track, 
respectively, and;^h average boost amount is stored 
as an upper limit value of the average boost arriount 

35 (Step 1313), 

The optimum equalizer characteristic determination 
unit 5505 determines, for example, an average value of 
the lower limit value and the upper limit value as an opti- 
V murn boost amount (Step 1 31 4). _ 

40 When the lower limit value and the upper limit value 
are obtained, the initial value of the boost amount for 
obtaining the upper.limit value Is prescribed to be higher 
than that of the t^oost amount fbr obtaining the lower 
limit value. More specifically, by starting from the values 

45 dose to the respective limit values, with the initial value 
of the boost amount for obtaining the lower limit value, 
beirig different from the iriitial value of the boost annount 
for obtaining the , upper limit value, a .boost amount is 
optimized in a short period of time. 

so Now, refenring to Figure 3, the steps of continuously 
reproducing a signal recorded in the land track iand the 
groove track will be described by using a path on a 
recording track of an irradiation spotpf the serniconduc- 
tor laser. 

55 As shown in Figure 3. reproduction of a land track is 
performed clockwise from a ppirrt 31 to a point 32 at a 
set boost amounts Continuously, reproduction of a 
groove ti'ack is performed clockwise from a point 32 to a 
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point 33 at the same boost amount. 

Next, in order to reproduce a signal at a different 
boost amount, the irradiation spot jumps, for example, 
from a point 34 to an inner trad<, passing through points 
35 and 36, and starts moving on a trackfrom a point 37. s 
The irradiation spot moves on the groove track clock- 
wise from the point 37 to the point 31, and reproduces 
the land track from the point 31 to the point 32 in the 
same way as described above and reproduces the 
groove track from the point 32 to the point 33, thereby io 
detecting a reproduction signal quality of the land track 
and the groove track. 

In the present embodiment, the land track and the 
groove track are continuously reproduced. Therefore, it 
takes less time, compared with the case where optimurn is 
boost amounts are obtained tor the land track and the 
groove track, separately, and the obtained optimum 
boost amounts are averaged. 

For example, when a land track and a groove track 
are reproduced* at two different boost amounts in order 20 
to obtain an optirnum boost amount, in the case where 
the land track and the groove track are continuously 
reproduced as in the present embodiment, a time corre- 
sponding to 5 rotations in total is required (i.e., 2 rota- 
tions for reproduction at an initial boost amount, one 25 
rotation for waiting for reproduction, and 2 rotations for 
reproduction at a different boost amount). 

On the other hand, in a conventional apparatus, 
optirnum boost amounts are obtained for a land track 
and a groove track, s^;)arately. so that a time corre- 30 
spending to 3 I'otationis in total is required for theland 
track (i.e.. one rotation for reproduction at an initial 
boost amount, one rotation for waiting for reproduction, 
and one rotation for reproduction at a different boosX 
amount). Furthermore, the same amount of time is 35 
required for the groove track. Thus, a time correspond- 
ing to 6 rotations in total is required. Assuming that the 
land track and the groove track 

are reproduced at 8 kinds of boost arnourtts saas to 

obtain an optimum boost amount a time corresponding 40 
to 20 (5 X 4) rotations Is required in tiie present embod- 
iment, whereas a time correspondihg to 24 (6 x 4) rota- 
tions is required in the conventional apparatus. Thus, a 
waiting time for rotation is shortened in the present 
embodiment. 45 

Rgure 54B shows a relationship between the fre- 
quency at which the boost amount becomes rhaximum 
and the BER. An optimum value of the frequency at 
which the boost amount becomes rhaximum can be 
obtained in the similar procedure to that of tiie boost so 
amount More specifically, while the frequency is gradu- 
ally changed, continuous repi*oduction of the land track 
and the groove track is performed at ea^ch tirhe. and the 
frequency at which the boost amount becomes maxi- 
mum Is determined in accordance with the result of the 55 
reproduction signal quality detector 5504. 

As described above, in the optical disk apparatus of 
the present embodiment a land track and a groove 



track are continuously reproduced prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic suitable 
for reproducing a user area can be determined in a 
short period of time, shortening a warting time for rota- 
tion. 

In tile present embodiment for exarrple. an aver-^ 
age value of the lower limit value and the upper limit 
value is determined as an optimum boost amount. How- 
ever, reproduction is performed while a boost amount is 
change successively from the vicinity of tiie lower limit 
value to the vicinity of the upper limit value, and a value 
at which the BER becomes minimum rnay be deter* 
mined as an optimum boost amount. 

The reproduction signal quality detector 5504 may 
be designed in such a maniier that it detects a BER at 
which a recorded signal has been r^roduced. and 
does not count errors, generated continuously at a pre- 
determined time or times. Thus, even when an area with 
a reproduction defect such as a scratch is locally 
present, tiie effect tiiereof can be eliminated, and an 
optimum equalizer characteristic can be determined 
more accurately. 

Furthermore, the reproduction signal quality detec- 
tor 5174 is designed to detect a BER at which a 
recorded signal has been reproduced. Alternatively, the 
following other detection methods rriay be used. 

As an example of the detection method, a method 
for detecting a jitter will be exemplified. Rgure 55A 
shows a relationship between the boost amount and the 
fitter. In this figure, thie abscissa represents tiie boost 
amount, and the ordinate represents the jitter. Figure 
55B shows a relationship iDetween the frequency at 
which the boost amount becomes maximum and the jit- 
ter. In this figure, the abscissa represents the frequency 
at which the boost amount becomes maximum, and the 
ordinate represents the jitter. 

The jitter refers to a time shift between a reproduc- 
- tion signal and an original signal. Generally, more accu- 
rate reproduction Is perforhied as the jitter becomes 
smaller, under the same recording conditions. It is 
assumed that a detection result in which the jitter 
becomes equal to or lower than a threshold value is OK, 
and a detection result in which the jitter exceeds a 
threshold value is NG. 

The jitter can be detected as an average value in a 
measurement iriterval; and does hot change enor- 
mously even when an area with a reproduction defect 
such as a scratch is locally present Thus, the jitter c4n 
suitably be used for determining an optimum equalizer 
characteristic. 

As another example of the detection mettiod. a 
method for detecting resolution will be described. Figure 
56A shows a relationship between the boost amount 
and the resolution. In this figure, the abscissa repre- 
sents the boost amount and the ordinate represents the 
resolution. Figure 56B shows a relationship between 
the frequency at which the boost amount becomes max- 
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imum and the resolution. The abscissa represents the 
frequency at which the boost amount becomes rnaxi- 
mum, and the ordinate represents the resolution. 

As shown in Figure 18, the resolution refers to a 
ratio between an amplitude of a reproduction signal in s 
the shortest period and an amplitude of a reproduction 
signal in the longest period. Generally, more accurate 
reproduction is performed as the resolutiori becomes 
larger, under the same recording conditions. It is 
assumed that a detection result in which the resolution 
becomes equal to or higher than a threshold value is 
OK. and a detection result in which the resolution 
becomes lower than a threshold value is NG. 

The resolution can be detected as an average value 
in a measurement interval, and does not largely change 
even when an area with a reproduction defect such as a 
scratch is locally present. Thus, the resolution is suitably 
used for determining an optimum equalizer characteris- 
tic. 

As another example of the detection method, a 
method for detecting modulation will be described. Fig- 
ure 57A shows a relationship between the boost 
amount and the modulation. In tiiis figure, the abscissa 
represents the boost amount and the ordinate repre- 
sents the modulation. Figure 57B shows a relationship 
between the frequency at which the boost amount 
becomes maximunri arid the modulation. The abscissa 
represents the freqijency at wtuch the boost amourit 
becomes maximum, and the ordjrate represeints the 
modulation. 

The modulation refers to a ratio between an AC 
component and a DC component in a reproduction sig- 
nal in a time inter>^l, as shown in Rgure 16. Generally, 
more accurate reproduction is performed as the modu- 
lation becomes larger, under the same recording condi- 
tions. It is assumed that a detection result in which the 
modulation becomes equal to or higher than a threshold 
value is OK, and a detection result in which tiie modula- 
tion becomes lower than a threshold value Js NG. 

The modulation can be detected as an average 
value In a measurement interval, and does not change 
enormously even when an area with a reproduction 
defect such as a scratch is locally present IJius. tiie 
modulation can suitably be used for determining an opti- 
mum equalizer characteristic. 

As another exanple of the detection method, a 
method for detecting symmetry will be described. Fig- 
ure 58A shows a relationship between the boost 
amount and the symmetry In this figure, the abscissa 
represents the boost arnount, and the ordinate repre- 
sents the symmetry. Figure 58B shovys a relationship 
between the frequericy at which the boost amount 
becomes maximum , and the symmetry. The abscissa 
represents the frequency at which the boost amount 
becomes maximum, and the ordinate represents the 
symmetry. 

The symmetry refers to a value which shows a sec- 
ondary harmonic component of a. reproduction signal. 



Generally, more accurate reproduction is performed as 
the symmetry becomes smaller, under the same record- 
ing conditions: It is assumed that a detection result in 
which an absolute value of the symmetry becomes 
equal to or higher than a threshold value is NG. and a 
detection result in which an absolute value of tiie sym- 
metry becomes lower tfian a threshold value is OK. 

The symmetry can be detected as an average value 
In a measurement interval, arxj does not change enor- 
mously even when an area with a reproduction defect 
such as a scratch is locally present Thus, the symmetry 
can suitably be used for determining an optimum equal- 
izer characteristic. 

In the present embodiment, one land track and one 
groove track are continuously reproduced. However, for 
example, in an optical disk apparatus which performs 
reproduction on a block basis, reproduction of a land 
track may be performed from a point 141 to a point142, 
arxi reproduction of a groove track may be performed 
from a point 142 to a point 143 as shown in Figure 7. 

In an optical disk apparatus which performs repro- 
duction on a block basis, reproduction of a land track is 
performed from a. point 147 to a point 148. and repro- 
duction of a groove track is performed from a point 149 
to a point 14100 as shown in Figure 7. Thus, reproduc- 
tion may be started at any pdnt as long as reproduction 
for detecting a reproduction signal quality is detected. 

In particular, assuming that one. half of one block is 
a land track, and tiie other half of one block is a groove 
track (in Figure 8, when one block contains 16 sectors, 
a zone from a point 1 51 to a point 152 correspprids to 8 
sectors of tiie land track, and a zone from the point 152 
to the point 1 53 con-esponds to 8 sectors of tiie groove 
track), as shown in Figure 8, in the case of performing 
reproduction on a block basis, one block con-esponds to 
one track or less, and two blocks correspond to one 
track or more. In this case, a waiting time for rotation can 
be shortened, compared with the case where one land 
track and one groove track . are ..continuously ^repror 
duced. 

Similarly, in the present emtx^diment, one land track 
and one groove track are continuously reproduced. 
However, in the case where an optical disk apparatus 
performs reproduction on a sector basis, rt may be pos- 
sible that a sector of a land track from a point 161 to a 
point 1 62 and a sector of a groove track from a point 1 62 
to a point 1 63 are continuously reproduced, as shown in 
Figures. 

Similarly, in the case where reproduction is per- 
formed on a sector basis, it may be possible that a sec- 
tor of a land track from a point 167 to the point 161 and 
a sector of a groove track from the point 1 63 to a point 
168 are continuously reproduced, as shqvvri in Figure 9. 
Thus, reproduction may be started at any point as long 
as reproduction for detecting a reproduction signal qual- 
ity is detected. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
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reproduced may be one track or less. Therefore, a wait- 
ing time for rotation can be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded ^d reproduced. 

Furthermore,' in the present embodiment, one lairid 
track and one groove track are continuously repro- 
duced. However, two or more land tracks and two or 
more groove tracks may be continuously reproduced. 
By continuously reproducing two or more tracks, the 
variation of the tracks is absorbed, and optimum equal- 
izer characteristic can be deterrhined more accurately. 

Similarly, even in the case where reproduction is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously reproduced. By continuously reproducing 
two or more blocks of both the tracks. Ihe variation of the 
blocks is absorbed, and an optimum equalizer charac- 
teristic can be determined more accurately 

Furthermore, if the worst value of a block detected 
by the reproduction signal quality detector 5404 is not 
adopted when two or more blocks are continuously 
reproduced, even when a block wrth a reproduction 
defect such as a scratch is present, the block can- be 
eliminated. Thus; an optimum equalizer characteristic 
can be determined more accurately. 

Similarly, even in the case where reproduction is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track 
may be continuously reproduced. By continuously 
reproducing two or more sectors of both the tracks, the 
variation of the sectors is absorbed, and an bptimum 
equalizer characteristic can be determined more accu- 
rately. 

Furthermcre, if the worst value of a sector detected 
by the reproduction signal quality detector 4 is not 
adopted when two or more sectors are continuously 
reproduced, even when a sector witii a reproduction 
defect such as a scratch is present, the sector can be 
eliminated. Thus, an optimum equalizer characteristic 
can be determined more accurately. 

Embodiment 10 

In the tenth embodiment, equalizer characteristics 
are obtained for a land track and a groove track, sepa- 
rately. 

Rgure 59 shows a sb'ucture of an optical disk appa- 
ratus in the tenth embodiment of the present invention. 
In Figure 59, reference numeral 1 denotes an optical 
disk, 2 denotes an optical head, 3 denotes a reproduc- 
tion system. 71 74 denotes a land • groove reproduction 
signal quality detector, 71 75 dienotes an optimum equal- 
izer characteristic determination unit, 7176 denotes a 
land -groove continuous reproduction unit, 7177 
denotes a laser driving circuit 7178 denotes a track 
position controller, and 7179 denotes an equalizer char- 
acteristic setting unit. 

The optical disk 1 is as described with reference to 



' Rgure 3. 

Rgure 60 is a flow chart showing process steps of 
an optica! disk apparatus of the present embodiment. A 
procedure for obtaining an equalizer characteristic of 

5 tiie reproduction system 3 will be described with refer- 
ence to this flow chart. 

The optical disk 1 is loaded in an optical disk appa- 
ratus. Predetermined operations such as identifying a 
dfek type and a rotation corrtrol are performed. Thereaf- 

10 ter, tiie optical head 2 is moved to an area for setting an 
optimum equalizer characteristic by the track position 
conti-oller 71 78 (Step 1 401 ). It Is assumed that this ar^ 
is a recording area other than a user area provkJed in an 
innermost track or an outermost track of the optical disk 

15 1 in which a user records data. 

Initial values of the boost amount and the frequency 
at which the boost amount becomes maximum are set 
in the equalizer of the reproduction system 3 by the 
equalizer characteristic setting unit 7179 (Step 1402). 

20 At this time, an equalizer characteristic for reproducing 
the laruj track is kleintical with an equalizer characteris- 
tic for reproducing the groove track. 

Subsequently, a control signal for continuously 
reproducing one land track and one groove track from a 

25 predetermined position is transmitted from the land* 
groove continuous reproduction unit 7176 to tiie track 
position controller 7178. whereby reproduction is per? 
formed by the optical head 2 and a signal 7180 which is 
changed depending upon tiie presence of the recording 

30 mark on tiie optical disk 1 is input to the reproduction 
system 3 as a reproduction signal. The reproduction 
signal 7180 is subjected to reproduction signal process- 
ing such as arhplification, waveform equalization, and 
digitization at the reproduction system 3, and a signal 

35 7181 is input to the land * groove reproduction signal 
quality detector 7174 (Step 1403). 

The reproduction signal 71 80 is subjected to repro- 
duction signal processing such as amplification, wave- 
form equalization, and digitization at the reproduction 

40 system 3, and a signal 7181 is input to the land * groove 
reproduction signal quality d^ector 71 74. 

The land •groove i'eproduction signal quality detec- 
tor 7174 detects a signal quality of the signal 7181 for 
the land track and the groove track, separately, and a 

45 detection result is input to the optimum equalizer chcu*- 
acteristic determination unit 71 75. 

The reproduction signal quality detector 7174 
detects, for exaimple. a BER at which the signal has 
been reproduced (Step 1404). 

so In tiie present embodiment, in order to bbtain an 
optimum value of a boost ainount, a lower limit value 
and an upper limit value of the boost amount which ena- 
bles user data to be reproduced are obtained, iand 
tiiereafter. an optimum value between the loSwer linrnt 

55 value and tiie upper limit value is obtained by computa- 
tion. 

For example, when BERs are OK for both the land 
track and the groove ti-ack, as a detection result of the 
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land - groove r^ropluction signal quality detector 7174 
(Step 1405 no), the optimum equalizer characteristic 
determination unit 7175 sets a boost amount at which 
BERs becomaOK for both the land track and the groove 
track as an initial boost amount (Step 1406): While the 
boost amount is gradually deaeased, continuous repro- 
duction of the land track arid the groove track are per- 
formed at each time, ard results of the land •groove 
reproduction signal quality detector 7174 at the respec- 
tive boost amounts are stored. VVhen BERs become NG 
for both the land track and the groove track (Step 1405 
yes), an average lx)pst amount of a minimum lX)Ost 
amount at which the BE R is OK and a maximum tDoost 
amount at which the BER is NQ is stored as a lower limit 
value of the boost amount for the land track and the 
groove track, respectively (Step 1407). 

An upper limit value is obtained in the sirnilar proce-: 
dure to that of the lower limit value in accordance with 
each of Steps 1408 to 1413. More specifically, the opti- 
mum equalizer characteristic determination unit 7175 
sets a boost amount at which BERs become OK for 
both the land trade and the groove track as . an. initial 
boost amount . (Step 1408). While the txK>st amount is 
gradually increased, continuous recording and repro- 
duction of the land track and the groove track are per- 
formed at each time. When BERs become NG for both 
the land track and the groove track as^ a result of the 
land •groove reproduction signal quality detector 7174 
(Step 1411 yes), an average txxjst amount of a maxi- 
mum boost arnourrt at vyhich Ihe BER is OK and a txx>st 
amount at which the BER is NG is obtained fcM^^ the land 
track and the groove track, respectively, and each ayer^ 
age boost amourit is stored as an upper lirnit value of 
the average boost ampunt (Step 141 3). 

The optirnum equalizer characteristic determination 
unit 7175 determines, for example, an average value of 
the lower limit value and :the upper limit value as an opti- 
mum boost amount for the land track and the groove 
track, separately,(St^,1414). 

When the lower limit value and the upper limit value 
are obtained, the initial value of the tx>ost arnount for 
obtaining the upper limit yalue is prescribed to be higher 
than that of tha boost anpunt for pbtainjng jovyer 
limit value. More specifically, by starting frprn the values 
close to the respective limit values,. with the initial value 
of the boost amount for obtaining the lower limit value 
being different from the initial value of the boost ampunt 
for obtaining the upper lirnit value, a boost amount js 
optimized in a short period of time. 

In the present embodiment, the steps of continu- 
ously reproducing a signal recorded in the larKi track 
and the groove track are similar to those in the ninth 
embodiment. 

As described above, in the optical disk apparatus of 
the present embodiment, a land track and a groove 
track are continuously reprqduped prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic for repro- 



ducing a user area can be determined in a short period 
of time, shortening a waiting time for rotation. 

Rgure 548 shows a relationship between the fre- 
quency at which tiie boost amount becornes n^imum 

5 and the BER. The optinnum value at which tiie boost 
amount becomes maximum is also obtained by tiie sim- 
ilar metiiod to that of the. boost amount. 

In the present embodiment, fpr example, an aver- 
age value of the lower limit valuer and .the upper limit 

10 value is detemniined as an optimum boost amount. How- 
ever, reproduction is performed while a boost amount is 
changed successively from the vicinity of the lower limit 
value to the vicinity of the upper limit value, and a value 
at which the BER becomes minlnrtum may be deter- 

15 mined as an optimum boost amount for the land track 
and the groove track, separately. 

The reproduction signal quality detector 7174 may 
be designed in such a manner that it detects a BER at 
which a recorded signal has been reproduced, and 

20 does not count errors generated continuously at a pre- 
determined time or times. Thus, even when an area with 
a reproduction defect such as a scratch is locally 
present, the effect thereof can be eliminated, and an 
optimum equalizer characteristic can be determined 

25 more accurately 

In the present emtxxliment. the reproduction signal 
quality detector 7174 is designed < to detept a BER at 
which a recorded signal has teen reproduced. How- 
ever,: tiie reproduction signal quality detector 7174 may 

30 detect a bit error rate, for example, as long as a repro- 
duction signal quality can be detected. 

In the present enibodirnent. one land track and one 
groove track are continuously reproduced. However, 
reproduction may be performed on a block basis, on a 

35 sector basis, etc^. in the same procedure as that 
described with reference to Figures 7, 8, and 9 in the 
ninth embodiment. ^ 

If recording and reproductipn are performed on a 
sector basis, an area to be continuously recorded and 

40 reproduced may be one track or less, a waiting time for 
rotation can be shortened, compared with the case 
where one groove track and one land track are continu- 
ousily recorded and reproduced. 

The following may be posstole: when reproduction 

45 is performed on a sector t}asis, a jand track and a 
groove track are continuously reproduced, fpr example, 
while a boost arnount is changed gradually on a sector 
basis; a reproduction signal quality of the land tradk and 
the groove track is detected on a sector basis; and an 

so average boost amount in a range yvhere a detection 
result becomes OK is determined as an optimum bpost 
arnount. for the land track and the groove track, respec- 
tively. 

As described above, by continuously performing 
.55 reproduction while an equalizer characteristic is 
changed on a sector basis, a reproduction signal quality 
result in a plurality of equalizer charapteristics is 
obtained for the land track and the groove track in one 
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continuous reproduction of the land track and the 
groove track, which is nrK>re effective. 

In the present embodiment, one land track and one 
groove track are continuously reproduced. However, 
two or more land tracks and two or more groove tracks s 
may be continuously reproduced. By continuously 
reproducing two or more tracks, the variation of the 
tracks is absorbed, and optimum equalizer characteris- 
tic can be determined more accurately^ 

Similarly, even in the case where r^roduction is 10 
performed on a t)lock basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously reproduced. By continuously reproducing 
two or more blocks of both the tracks, the variation of the 
blocks is absorbed, and an optimum equalizer charac- is 
teristic can be determined more accurately 

Furthermore, if the worst value of a block detected 
by land - groove reproduction signal quality detector 
71 74 ts not adopted when two or more blocks are con- 
tinuously reproduced, even when a block with a repro* so 
duction defect such as a scratch is present, the block 
cari be eliminated. Thus, an optimum equalizer charac- 
teristic can be deternriined more accurately 

Similarly, even in the case where reproduction is 
performed on a sector basis, two or more sectors of a 25 
land track and two or more sectors of a groove track 
may be continuously reproduced. By continuously 
reproducing two or more sectors of both the tracks, the 
variation of the sectors is absorbed, and an optimum 
equalizer characteristic can be determined more accu- 30 
rately. 

Furthermore, if the worst value of a sector detected 
by the land • groove reproduction signal quality detector 
7174 is not adopted when two or more sectors are con- 
tinuously reproduced, even when a sector with a repro- 3s 
duction defect such as a scratch is present, the sector 
can be eliminated. Thus, an optimum equalizer charac- 
teristic can be determined more accurately. 

Embodiment 11 40 

In the eleventh ehibodiment, the steps of obtaining 
an equalizer characteristic are different from those in 
the ninth embodiment. 

Figure 61 shows a structure of an optical disk appa- 4S 
ratus in the eleventh embodiment of the present inven* 
tion. In Figure 61, reference numeral 1 denotes an 
optical disk, 2 denotes an optical head, 3 derrotes a 
reproduction system, 7284 denotes a land •groove 
reproduction signal quality detector. 7285 denotes a so 
land - groove optimum equalizer characteristic determi- 
nation unit, 7286 denotes a land •groove continuous 
reproduction unit, 7287 denotes a laser driving circuit. 
7288 denotes a track position controller, and 7289 
denotes a land • groove equalizer charaisteristic setting ss 
unit. 

The optical disk 1 is as described with referehoe to 
Figure 3. 



Rgure 62 is a ffow chart showing process steps of 
an optical disk apparatus of the presertt embodiment A 
procedure for obtaining an equalizer characteristic will 
be described with reference to the flow chart. The 
equalizer characteristic to be determined is the maxi^ 
mum boost amount and the frequency at which the 
boost amount becomes maximum, as shown in Figure 
63. 

The optical diisk 1 is loaded in an optical idisk appa- 
ratus. Predeterrhihed operations such as identifying a 
disk type and a rotation control are performed. Thereaf- 
ter, the optical head 2 is moved to an area for setting an 
optimum equaliz€»r characteristic by the track portion 
controller 7288 (Step 1501). It is assumed that this area 
is a recording area other than a user area provided in an 
innermost track or an outermost track of the optical disk 
1 in which a user records data; 

Initial values of the tx>ost amount and the frequency 
at which the boost amount becomes maximum are set 
in the equalizer of the reproduction system 3 by the land- 
• groove equalizer characterise setting- unit 7289 (Step 
1 502). At this time, an equalizer characteristic for repro- 
ducing the land track is identical with an equalizer char- 
acteristic for reproducing the groove track 

SL±>sequently, a control signal for continuously 
reproducing one land track and one groove track from a 
predetermined position is transmitted from the land- 
groove continuous reprodiictioh unit 7286 to the track 
position controller 7288, whereby reproduction is per- 
formed by the optical head 2 and a signal 7290 which is 
changed depending upon the presence of the r^rding 
mark on the optical disk i is input to the reproduction 
system 3 as a reproduction signal. The reproduction 
signal 7290 is subjected to reproduction signal process- 
ing such as amplification, waveform equalization, and 
dig'rtization at the reproduction system 3. and a signal 
7291 is input to the land -groove reproduction signal 
quality detector 7284 (Step 1 503). 

The land • groove reproduction signal quality detec- 
tor 7284 detects a signal quality of the signal 7291 for 
the land track and the groove track, sei^rately and a 
detection result of the reproduction signal quality Is 
irput to the land * groove optimum equalizer character- 
istic determination unit 7285. 

The land • groove reproduction signal quality detec- 
tor 7284 detects, for example, a BER at which the 
recorded signal has been reproduced (Step 1504). 

In accordance with each of Steps 1 503 to 1 509, the 
land • groove equalizer characteristic determination unit 
7285 determines a lower hmit value of a boost amount 
based on a detection result of the land • groove r^irb- 
ductron signal quality detector 7284 for the land track 
and the groove track, separately. 

For example, when tiie first result of the larid- 
groove reproduction signal quality detector 7284 is NG 
for the land track and OK for the groove tracK the boost 
amount of the land track is iricreased, and the tx)6st 
amount of the groove track is decreased. The^refbre, 
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during the second continuous reproductipn, the boost 
amount for reproducing the land track becorneiS: larger 
than that for reproducing the groove. track. 

When the second result of the land ^ groove repro- 
duction signal quality detector 7284 Is'OK fbr the land 
track and NG for the groove track, the land • groove opti- 
mum equalizer characteristic determination unit 7285 
stores an average boost amount of the current boost 
amount and the previous boost amount as a lower limit 
value of the boost amount Ibr the land track and the 
groove track. 

When the second^result of the land r.groove repro- 
duction signal quaHty detector.7284 is OK Ior the land 
track and OK for the groove track, the land - groove opti- 
mum equalizer characteristic determination unit 7285, 
stores an average boost amount of the current boost 
amount and the previous boq^. arriount at which the 
land track has been reproduced as a lower limit value of 
£he boost amount of the land track. Regarding the 
groove track, a boost amount lower than, the boost 
amount used during the second reproductipn is repro- 
duced using this boost, thereb/ detecting a reproduce 
tton signal quality. 

When the third result of the land • groove reproduc-: 
tion signal quality detector 7284 is NG for the groove 
track, the land - groove optimum equalizer deterrnlna- 
tion unit 7285 stores an average boost anigunt of the 
current boost amount and the pr^ipus boost amount as 
a lower limit value of the boost arnount of tha groove 
track. 

Regarding the upper limit value, each of Steps 
1510 to 1517 in the flow chsul of Figure 62 is perfprmed 
for the land track and the grooyie tradc^ s^arately, and 
an upper limit value of the: boost arnount of the land 
track is obtained to be stored, and an upper limit value 
of the boost amount of the groove t^ack is pbtainied to be 
stored. 

The land • groove lOptirnum equalizer determination 
unit 7285 determiriies an average value of tiie lower.limit 
value and the upper linriit value, for example, as the ppti- 
mum boost amount for the land track and the groove 
track, separately (Step 1518). 

When the lower limit value and the upper limit value 
are obtained, the initial value of the boost amount for 
obtaining the upper lirnit value may be prescribed to be 
higher than that of the boost amount for obtaining the 
lower limit value, More specifically, by starting from the 
values close to the respective jimit yalueSi with the Initial 
boost amount for obtaining the lower limit value, being 
different from ^the initial boost aniount for obtaining the 
upper limit value, a bpc^ anrpunt is optimised in a short 
period of time. 

In the present ernbpdiment, the steps of oprrtinu- 
ously reproducing a signal recorded in the land track 
and the groove track are similar to those in the ninth 
embodiment. 

As described above, in the optical dijsk apparatus of 
the present enUKKdiment. a land track and a groove 



track are continuously reproduced prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic for r^ro- 
ducing a user area can be determjried.in a short period 

5 of tirne. shorteriing a vyaitiog tim^ 

Rgure 54B shows a relatioriship between the fre- 
quency at which the boost arnount becomes niaximum 
and the BER. Aji vOptimum value of the .frequency at 
which the boost amount becomes maximum iS; obtained 

10 by the method sinriijar; to that of the boost aropurtt. 

In the present embodiment, an average value of the 
lower limit value and the upper llnriit: value is determined 
as an optimum equalizer characteristic. Hovy^er, it may 
be possible that the equalizer characteristic is changed 

IS for the land track and the groove track, respectively, arid 
a value at which the BER becomes local minimum is 
determined as an pptimum equalizer characteristic. 

The land • groove reproduction signal quality detec- 
tor 7284 may be designed in such a manner that it 

20 detects a BER at which a recorded signal has been 
reproduced, and does npt count errors generated con- 
tinuously at a predetermined. time or times. Thus, even 
when an area vyith a reproduction defect such as a 
scratch is locally present, the effect thereof can be elim- 

25 inated, and an optimum equalizer characteristic can be 
determined more accurately. 

In tiie present embodimernt, the land • groove repro- 
eduction signal quality detector 7^284. is deigned to 
detect a BER at which a recorded signal has been 

30 recorded. However, the land -groove reproduction sig- 
nal quality detector 7284 may detect a b|t error rate, for 
^ ^ example, as long as a reproduction signal quality,can be 
detected. 

In the present emlxxjirnent, one land track and one 

35 groove track are continuously reproduced. However, 
reproduction may be perform^ on a block basis; on a 
sector basis, etc., in the ..same procedure as that 
described with reference to Rgures 7. 8, and 9 in ;the 
. ninth embodiment. . . . , . 

40 If recording and reproduction are performed on a , 
sector basis, aaarea to be cont|riupusly recorded. and 
reproduced may be one track or less. Therefore, a wait- 
ing time for rotation can , be shortened, compared wHh 
the case where one gropye track and one land track are 

45 continuously recorded and reprodu^ 

The following may be possible: when reproductipn 
is performed on a se<^pr basis, a, .1^^^^ tiBck ^and a 
grppye track are continuously reproduced, for exarriple, 
while a boost amount is chang^ gradually on a sector 

so basis; a reproduction signaj quality of the land track and 
the groove track is detectisd on a sector basis: and an 
average boost amount in h range yvhere a detection _ 
result thecomas OK is deterrriine^ Pf>osX 
amount, for the land tra<^ and the groove track, respec- 

55 ..tively. ,,,r ■ 

As described abpvp, .l>y^ continuously perfprm^^^ 
reproduction while an equalizer characteristic is 
changed on a sector basis, a reproduction signal quality 
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result in a piuraiity of equalizer characteristics is 
obtained for the land track and the groove track in one 
continuoLJs reproduction of the land track and the 
groove track, which is more effective. 

In the present embodihient, oiie land tr^ck and one 
groove track are continuously reproduced. However, 
two or more land tracks and two or more groove tracks 
may be continuously r^rodiiced. By continuously 
reproducing two or more tracks, the variation of the 
tracks is absorbed, and optimum equalizer characterise 
tic can be determined more accurately. 

Similarly, even In the case where reproduction is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously reproduced. By continuously reproducing 
two or more blocks of both the tracks^ the variation of the 
blocks is absoibed, and an optimum equalizer charac- 
teristic can be determined more:accurately. 

Furthermore, if the worst value of a block detected 
by land-groove reproduction signal quality detector 
7284 is not adopted when two or more blod« are con- 
tinuously reproduced^ even when a block with a repro- 
duction defect such as a scratch is present, the block 
can be eliminated. Thus; an optimum equalizer charac- 
teristic can be determi hisd more accurately 

Similarly, even in the case where reproduction- is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track 
may be continuously r^roduced. By contimously 
reproducing two or more sectors of both the tracks, the 
variation of the sectbns is absorbed, and an optimum 
equalizer characteristic 'can be determined more accu- 
rately. 

Furthermore, if the worst value of a sector detected 
by the land * groove reproduction signal quality detector 
7284 is not adopted when two or more sectors arie con- 
tinuously reproduced, even when a sector with a repro- 
duction defect such as a scratch is present, the sector 
can be eliminated. Thus, an optimum equalizer charac- 
teristic can be determined more accurately 

In the ninth to eleventh embodirhehts. prior to set- 
ting the txxTst amount (or frequency), the optical head 2 
is moved to a predetermined area. This area is an out- 
ermost area la of the optical disk 1, for example, as 
shown in Figure 22A. However, when the optical disk 1 
is warped or when the optical disk 1 is not properly 
placed in an apparatus, the t)6ost amount (or fi-e- 
quency) obtained in the outermost area l a of the optical 
disk 1 is not necessarily optimuhri for an inner track por- 
tion of the optical disk 1. More specifically, the boost 
amount (or frequency) may be different between the 
outer track portion and the inner track portion of the 
optical disk 1. Therefore, in a plurality of places on the 
optical diski (e.g.. in outef hiost track and ah inner- 
most track of the optical disk 1). a boost amount (or fre- 
quency) is obtained, and a supplementai'y curve 
connecting the optimurh equalizer characteristic points 
in tiie outermost track and in the innermost track as 



shown in Figure 22E is formed for the boost amount and 
the frequency, separately. When the optical disk 1 is 
recorded and reproduced, a boost amount (or fre- 
quency) rnay be set, in accordance with a recording 
5 position and a reproduction position of the optical disk 1 
based on the supplementary curve connecting the 
boost amount (or frequency) points in the outermost 
track and the innermost track. 

10 Embodiment 12 

In tiie twelfth embodiment, a procedure for setting 
recording and reproductibn focus positions, radial and 
tangential tilt angles, peak and bias powers. arKl an 

IS equalizer characteristic in the above-mentioned first to 
eleventh emtxdiments will be described. 

Rgure 64 is a flow chart showing a procedure for 
setting control parameters in an optical disk apparatus 
in the twelfth erribodiment of the present invention. 

20 The procedure for setting the control parameters of 
the present embodiment is applied to a presumed opti- 
cal disk apparatus obtained by sielectively combining 
the first to eleventh embodiments. 

First, when a power supply of ah optical disk appa- 

25 ratus is turned on. and a pdwa" switch of a semiconduc- 
tor laser of the optical head 1 is turned oh (Steps 1601 
and 1602). drive iriitial values in the optical disk appara- 
tus (i.e.. initial values of recording and reproduction 
focus positions, radial and tangential tilt angles, peak 

30 and bias powers, and an equalizer characteristic) are 
set (Step 1603). 

Under the condrtion that tiie initial values are set, a 
land track and a groove track are continuously recorded 
as described above {Step^1604), and risprbduction sig- 

35 nals are read f ronri the land track and the groove track 
(Step 1605). The quiality of the reproduction signals is 
checked (Step 1606). 

At Step 1 607. tiie focus position (Step 1 607-1 ), tiie 
tilt angle (Step 1 607^2). tiie laser power (Step 1 607-3) , 

40 and tiie equalizer characteristic (Step 1607-4) are 
selectively changed. 

For exanple, the focus position is changed (Step 
1607-1). Thereafter, the process returns to Steps 1604 
to 1 606, and the quality of the reproduction signal is 

45 checked. The change in focus position and the checking 
of the quality of the reproductibn signal are repeated, 
and a focus position at which the quality of the i-epro- 
duction signal becomes OK is obtained in order to be 
set. Then, while the tilt angle is being changed (Step 

50 1607-2), Steps 1604 to 1606 are repeated, aihd a tilt 
angle at which the quality of thd reproduction signal 
becomes OK is obtained in order to be set Similarly, 
while ttie laser power is being changed (Step 1607-3). 
thei checking of tiie quality of tiie i-epirbduction signal is 

55 repleated, and a' laser power at which the quality of the 
reproduction signal becomes OK is ot)tatned in order to 
be set. While the equalizer characteristic is being 
changed (Step 1607-4), tiie checking of the quality of 
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the reproduction signal is repeated, and an equalizer 
characteristic at which the quality of the reproductipn 
signal becomes OK is obtained in order to be set 

Accordingly, after the setting of the focus position, 
the tilt positioa the laser power, and the equalizer char- s 
acteristic is completed (Step 1608), recording and 
reproduction of data with respect to the optical disk 1 is 
started. 

As described above, in the optical disk apparatus 
according to the present invention, when an optimum io 
focus position and/or an optimum tilt angle are deter- 
mined prior to recording, a land track and a groove track 
are continuously recorded and reproduced, whereby an 
optimum recording focus position and/or an optimum tilt 
angle can be determined in a short period of time, short- is 
ening a waiting time for rotation. 

Furthermore, in the optical disk apparatus accord- 
ing to the present invention, when an optimum power is 
detennined prior to recording, a land track and a groove 
track are continuously recorded and reproduced, 20 
whereby an optimum recording power can be deter- 
mined in a short period of time, shortening a watting 
time for rotation. 

Furthermore, in the optical disk apparatus accord- 
ing to the present invention, when an optimum equalizer 25 
characteristic is determined prior to reproduction, a land 
track and a groove track are continuously reproduced, 
whereby an optimum equalizer characteristic can be 
determined in a short period of time, shortening a wait- 
ing time for rotation. 30 

Various other modifications will be apparent to and 
can be readily made by tiiose skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 3S 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

40 

1 . An optical disk apparatus performing either one of 
recording and reproduction of an optical disk in 
which gropve-shaped groove tracks and land tracks 
present t^etween the groove tracks are alternately 
connected to each other in a spiral shape, compris- 45 
ing: 

a recording and reproduction unit for recording 
a signal in at least one continuous groove track 
and at least one continuous land track, and so 
then reproducing the signal from the groove 
track and the land track; 
a detector for detecting a quality of the signal 
recorded and reproduced by the recording and 
reproduction unit; ss 
a control parameter setting unit for setting a 
control parameter related to at least one of the 
recording and tiie reproduction of tiie optical 



disk; and 

a controller for changing the control parameter 
set by the conti'ol parameter setting unit, 
repeating tiie recording and reproduction per- 
fonned by tiie recording and reproduction unit 
and detection performed by the detector every 
time the control, parameter is changed, and 
determining the control parameter based on 
the quality of tiie signal detected by the detec- 
tor. 

2. An optical disk apparatus according to claim 1, 
wherein the controller obtains a control parameter 
common to the groove track and the land track. 

3. An optical disk apparatus acx^ording to claim 1, 
wherein the controller obtains control parameters 
for the groove track and the land track, separately. 

A. An optical disk apparatus according to daim 3. 
wherein the control parameter setting unit sets an 
average value of the corrtrol parameter of the 
groove track and the land track obtained by tiie con- 
troller. 

5. An optical disk apparatus according to claim 3, 
wherein the control parameter setting unit sets the 
control parameter of the groove track ar>d tiie land 
track obtained by the controller, separately. 

6. An optical disk apparatus according to daim 3. 
wherein the recording arid reproduction by the 
recording and reproduction unit, the dertection by 
tiie detector, and the determination by the controller 
are performed at two positions apart from each 
other on the optical disk, and a control parameter 
corresponding to each of the positions is obtained 
In order to be set; and 

when .at least one of the recording and the 
reproduction is performed between the respective 
positions ori the optical disK a control parameter in 
accordance with the position at which at least one 
of tiie recording and tiie reproduction is performed 
is obtained in ord^ to t^e set based on the control 
parameter corresponding to each of the positions. 

7. An optical disk apparatus according to daim 1. 
wherein tiie control parameter is at least one of a 
focus position of a fight beam radiated for at least 
one of the recording and the reproduction of the 
optical disk, a tilt angle of the light beam witii 
respect to the optical disK an intensity of the laser 
beam, and an equalizer characteristic of the laser 
beam. 

8. An optical disk apparatus according to claim 1, 
wherein the controller sets a plurality of kinds of 
control parameters, separately, and repeats setting 
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Qf each of the control parameters in accordance 
with a detection result of the detector. 

9. An optical disk apparatus according to claim 1, 
wherein a number of sectors of the groove track to s 
be recorded and reproduced by the recording and 
reproduction unit is equal to a number of sectors of 
the land track to be recorded and reproduced by the 
recording and reproduction unit. 

10 

10. An optical disk apparatus according to claim 1, 
wherein the detector detects at least one of a byte 
error rate of the signal recorded and reproduced by 
the recording and reproduction unit, a jitter of the 
signal, a bit error rate of the signal* a resolution of is 
the signal, a symmetry of the signal» and a modula- 
tion of the signal. 

11. A method for setting a control parameter of an opti- 
cal disk apparatus performing at least one of 20 
recording and reproduction of an optical disk in 
which groove-shaped groove tracks and land tracks 
present between the groove tracks are alternately 
connected to each other in a spiral shape, compris- 
ing: 25 

a recording and reproduction step of recording 
a signal in at least one continuous groove track 
and at least one continuous land track, and 
then reproducing the signal from the groove so 
track and the land track; 
a detection step of detecting a quality of the 
signal recorded and reproduced during the 
recording and reproduction step; 
a control parameter setting step of setting a 35 
control parameter related to at least one of the 
recording and the reproduction of the optical 
disk; and 

a control step of changing the control parame- 
ter set during the control parameter setting 40 
step, repeating the recording and reproduction 
performed during the recording and reproduc- 
tion step arrd the detection performed during 
the detection step every time the control 
parameter is changed, and determining the 45 
control parameter teased on the quality of the 
signal detected during the detection step. 

12. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 1 1 , wherein a so 
control parameter common to the groove track and 
the land track Is obtained during the cbrittok step. 

13. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 1 1 , wherein ss 
control psarameters are obtained for the groove 
track and the land track, separately, during the con- 
trol step. 



14. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 13, wherein 
an average value of the control parameter of the 
groove track and the land track obtained during the 
control step is set during the control parameter set- 
ting step. 

1 5. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 13, wherein 
the control parameter of the groove track and the 
larxJ track ot}tained during the control step are sep- 
arately set during the control parameter setting 
step. 

16. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 13. wherein 
the recording and reproduction during the recording 
and reproduction step, the detection during the 
detection step, and the determination during the 
control step are performed at two positions apart 
from each other on the optical disk, and a control 
parameter corresponding to each of the positions is 
obtained in order to be set; and 

when at least one of the recording and the 
reproduction is performed between the respective 
positions on the optfoal disk a control parameter in 
accordance with the position at which at least one 
of the recording and the reproduction is performed 
Is obtained in order to be set based on the control 
parameter corresponding to each of the positions. 

17. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 11, wherein 
the control parameter is at least one of a focus posi- 
tion of a light beam radiated for at least one of the 
recording and the reproduction of the optical disk, a 
tilt angle of the light beam with respect to the optical 
disk, an intensity of the laser beam, and an equal- 
izer characteristic of the laser beam. 

18. A method for setting a control parameter of an opti- 
cal disk apparatus according to claim 11, wherein, 
during the control step, a plurality of kinds of control 
parameters are separately set, and setting of each 
of the control parameters is repeated in accordance 
with a detection result obtained during the detection 
step. 

19. A method for setting a control piarameter of an opti- 
cal disk apparatus according to claim 11 , wherein a 
number of sectors of the groove track to be 
recorded and reproduced during the recording and 
reproduction step is equal to a number of sectors of 
the lard track to be recorded and reproduced dur- 
ing the recording and reproduction step. 

20. A method for setting a control parameter of an opti- 
cal disk apparatus according to daim 1 1 . wherein at 
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least one of a byte error rate of the signal recorded 
and reproduced during the recording and reproduc- 
tion step, a jitter of the signal, a bit error rate of the 
signal, a resolutbn of the signal, a symmetry of the 
signal, and a nfV)dulation of the signal is detected 5 
during the detection step. 
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